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THE RELATIONSHIP OF NUMBERS OF HELICOTYLENCHUS 
MICROLOBUS TO NITROGEN SOIL AMENDMENTS 1 
David Castane r 2 
ABSTRACT. Numbers of plant parasitic nematodes in con-
tinuous corn plots were related to the nitrogen amount 
applied yearly at th re e Iowa locations. Helicotylenchus 
microlobus populations, in particular, were related 
negatively to nitrogen amounts at: 1) Ames, to which 
0, 40, 80 and 160 lb nitrogen per acre per year had been 
applied for 11 years; 2) Independence, to which 40, 80 
and 160 lb nitrogen per acre per year had been applied 
for 12 years; and 3) Bloomfield, to which 0, 30, 60,120 
and 240 lb nitrogen per acre per year had been applied 
for 12 years. In three greenhouse tests, 0, 0. 03, 0. 3, 
1. 5 and 3 grams ammonium nitrate were applied to Iowa 
4570 corn planted in 6-inch pots and infested with 2500-
3 3 0 0 !:!· micro 1 ob us . Aft e r 1 0 3 - 1 2 7 day s , the !:!· mi c r o -
lobus numbers per pot were significantly lower in the 
3-gram treated pots, except when the 3 grams were 
applied over a 4-week period instead of once at the be-
ginning of the experiment. It is believed that ammo-
nium nitrate at high application amounts is nemato-
s tat i c to !!· micro 1 ob us pop u 1 at ions . Inc re as e d Prat y 1-
e n ch us spp. populations related to nitrogen treatments 
are believed closely correlated with increased root 
systems. 
INTRODUCTION 
Plant parasitic nematodes, particularly Helicotylenchus microlobus 
Perry, 1959, are abundant in Iowa corn fields. Little is known concern-
ing the relationship of nematode populations to applications of soil amend-
ments. Previous studies (3) showed that numbers of some nematode 
species were larger in plots that had received 160 lb nitrogen per acre 
per year for 11 years than in plots that had received none, while the re-
verse was true for other nematode species. The primary purpose of this 
investigation was to learn the nature of these differences. 
1 Journal Paper No. J-5345 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1337. 
2 Present address: Biology Department, Central Missouri State College, 
Warrensburg, Missouri 64093, 
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PER TINE NT LITERATURE 
Studies dealing with the effect of nitrogen on plant parasitic nematode 
populations are few. Oteifa (9) found that Meloidogyne incognita (Kofoid 
and White, 1919) Chitwood 1949, produced fewer egg masses in Phaseol-
us limensis L. roots with the ammonium ion present than with the nitrate 
ion present. He attributed this difference to the inhibitory effects of re-
leased ammonia gas. Shands and Crittenden ( 11) found that the number 
of M. incognita acrita Chitwood, 1949, galls on resistant and susceptible 
soybeans, Glycine max L. , increased as the amount of nitrogen and po-
tassium applied was increased. Bird (1) found that, when Lycopersicon 
esculentum Mill. was grown in mineral solutions deficient in nitrogen, 
magnesium, iron or potassium, the number of M. javanica (Treub, 1885) 
Chitwood, 1949, increased more rapidly than when it was grown in full 
mineral solution. He postulated that changes in the plant's metabolism 
might produce or release metabolites that were beneficial · to the nema-
todes. Eno ~t ~l. (6) injected anhydrous ammonia into the soil and re-
ported significant decreases in numbers of bacteria, fungi and nematodes. 
Generally, the higher the ammonia retention around the injection site, 
the fewer the nematodes. They found that, when ammoniacal nitrogen 
retention measured 136-741 ppm, nematode numbers were reduced sig-
nificantly; at 608 ppm, the decrease was estimated at 90%. All nematode 
species appeared to be reduced at the same rate. Castaner (3) observed 
that!:!· microlobus numbers were significantly higher in corn plots that 
had received no nitrogen for 10 years than in plots that had received 160 
ln nitrogen per acre each year. The opposite was true of Pratylenchus 
spp. 
METHODS 
Nematode Separation 
A modified Christie and Perry (4) technique for the separation of ne-
matodes from the soil was employed in all experiments. The nematode-
soil residue mixture was collected after passing the soil sample, agitated 
in water, through a 32, 60 and 270 mesh sieve. This residue was then 
poured onto a muslin cloth supported between two plastic cylinders over 
the bottom half of a dish containing water up to the soil-residue level. 
The live nematodes migrated through the muslin to the water below. The 
nematodes were removed, counted and identified after 40 hours. 
Field Experiments 
Four field experiments were conducted to determine the effects of 
different amounts of nitrogen on plant parasitic nematode populations. 
These studies were performed on already established experimental plots 
of the Iowa Stat~ University Agronomy Department (5). Soil .samples 
were taken from' specifically selected plots within these experiments. 
These selected plots had been cropped to continuous corn, with several 
levels of nitrogen being applied for at least 10 years. 
Soil samples were taken at the Iowa State Universi_ty Agronomy Farm, 
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Ames, Iowa, during 1963 from each of 3 blocks containing four selected 
plots in which corn had been grown continuously since 1915 (5). These 
four plots within each block had received either O, 40, 80 or 160 lb nitro-
gen per acr e per year since 1953. Iowa 4570 corn was planted during 
1963. Four soil samples were taken from each of the 12 plots on June 13, 
July 24 and September 20, 1963. Helicotylenchus microlobus, Pratylen-
chus hexinicisus Taylor and Jenkins, 1957, E· penetrans ( Cobb, 1917) 
Chitwood and Oteifa, 1952, Hoplolaimus galeatus (Cobb, 1913) Thorne, 
1935, Xiphenema americanum Cobb 1913 and Tylenchorhynchus nudus 
Allen, 1955, were present in the plots. 
During 1964, four other selected plots within each of the 3 blocks at 
Ames were sampled. These plots received either 0, 40, 80 or 160 lb 
nitrogen, in addition to 26 lb phosphorus and 50 lb potassium per acre 
per year each since 1953. Sampling procedures were similar, except 
that each plot was sampled four times instead of three times during the 
growing season. 
Parallel studies were made during 1964 in plots in which corn had 
been cropped continuously since 1952 at the Carrington-Clyde Experi-
ment Farm, Independence, Iowa, and at the Southern Iowa Experimental 
Farm, Bloomfield, Iowa. At Indepe~dence, three plots within each of 2 
blocks received either 40, 80 or 160 lb nitrogen per at:re per year; i n 
addition, each plot received 26 lb phosphorus and 50 lb potassium per 
acre per year. Six soil samples were taken from each of the s_ix plots on 
June 24, July 27, August 11 and September 30. Helicotylenchus micro-
lobus, E· penetrans and Tylenchorhynchus agri Ferris, 1963, were pres-
ent in the plots. At Bloomfield, five plots within each of 3 blocks re-
ceived either 0, 30, 60, 120 or 240 lb nitrogen per acre each year since 
1952; in addition, all plots received 26 lb phosphorus pe:r acre each year. 
Four samples were taken from each of the 15 plots on June 17, July 17, 
August 7 and September 13. Helicotylenchus microlobus, E· penetrans, 
E· hexincisus, ~- americanum and !i· galeatus were present in the plots. 
In all field experiments, soil samples (500 ml) were taken 4-9 inches 
deep and 6 inches from the plant. Each sample was stirred thoroughly, 
and a 100 ml subsample was processed as described previously. The 
data were compared over all sampling dates. The regression form of 
nematode numbers to nitrogen amounts was determined by me.thods de-
scribed by Li (8) and Snedecor (12). 
Greenhouse Experiments 
The effect of nitrogen on Helicotylenchus microlobus numbers was 
s tudied in three greenhouse experiments. The nematodes were obtained 
from cultures of hand-picked Ames specimens maintained on tomato 
plants. These cultures became contaminated with saprobic nematodes, 
but no other stylet-bearing nematodes were presen~. Iowa 4570 corn was 
used in all experiments. 
The first experiment was conducted to determine the effects of nitro-
gen on H. microlobus numbers in unsterilized field soil. Nicollet loam 
field soil, from the Ames continuous corn plots that had received no soil 
amendments since 1915 and contained a high concentration of H. micro-
lobus, was distributed into 40 6-inch clay pots aJ1d planted to corn. 
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Fourteen days after planting, 5 groups of 8 pots each received either 0. 0, 
0. 03, O. 3, 1. 5 or 3. 0 grams ammonium. nitrate. These levels approxi-
mated 0, 5, 50, 250 and 500 lb nitrogen p er acre in the field. The tops 
and roots were drie d and weighed after 102 days and t h e number of H. 
microlobus counted. 
In the se cond experiment, Nicollet field soil that had received no soil 
amendments since 1915 was steam sterilized, placed into 35 6-inch clay 
pots and planted to corn. After 7 days, 2500-2700 !::!· microlobus were 
added to each pot. Fourteen days after planting, 5 treatment groups of 
7 pots each received either 0. 0, 0. 03, 0. 3, 1. 5 or 3. 0 grams ammonium 
nitrate. Because of severe damage to some plants in the high nitrogen 
treatments, a new corn planting was made 20 days after the original 
planting. When the new seedling s were 5-7 inches tall, the tops of the 
older plants were removed. Numbers of nematodes , the top and root dry 
weights were calculated 127 days after the original planting. 
The third experiment was designed primarily to determine!::!· micro-
lobus numbers when ammonium nitrate was applied over seve ral weeks 
rather than all at once, as in the previous two experime nts. Because of 
the stunting encountered in the second experiment, soil that had received 
no nitrogen, but 50 lb phosphorus and 26 lb potassium p er acre since 
1952 was used to provide the plants with a better-balanced substrate. 
The soil was steam sterilized, distributed to 35 pots and planted to co rn. 
After 5-7 days, 3300-3600 spiral nematodes were added to all pots. Four-
teen days afte r planting, 5 groups of 7 pots each received e ither O. 0, 
0. 03, O. 3, 0. 5 ot 1. 0 grams ammonium nitrate. Twenty-eight and 52 
days after planting, groups 4 and 5 received an additional 0. 5 and 1. 0 
grams, respectively . After 113 days, !::!· microlobus numbe rs and top 
and root dry weights were measured. 
To determine if there were any anatomical differences in the corn at 
the several nitrogen levels that might affect the feeding habits of H. mi-
crolobus, root sections from plants grown during the second greenhouse 
experiment were examined. Root pieces were taken 5-15 mm £rem the 
root cap 50 days after planting. These were fixed in a Craf III solution, 
dehydrated in an ethyl-alcohol series, infilt rated and embedded with 
paraffin in a xylene-to-wa x series as discus sed by Sass (10). The roots 
were sectioned at 12 µ and stained with safranin O and f ast green FCF. 
RESULTS 
F ield Experim.ents 
In soil from the Ames 1963 plots that had receive d 0, 40, 80 or 160 lb 
nitrogen per acre each yea r since 1953, there was a significant negative 
relationship of Helicotylenchus microlobus and Hoplolaimus galeatus 
numbers to nitrogen amounts applied. Pratylenchus spp. numbers were 
greatest, while Xiphenema americanum numbers were lowest in the plots 
that had received 160 lb nitrogen pe r acre year since 1953. 
The results of the Ames 1964 experiment were similar, except that 
!!· galeatus numbers we re not as closely related to nitrogen treatments, 
and~- americanum numbers were highest in the 80-lb nitrogen-treated 
plots rather than in the 40-lb nitrogen-treated plots. 
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These data are summarized in Table 1. 
In soil from the Independence 1964 plots that had received 40, 80 or 
160 lb nitrogen per acre year since 1952, there was a significant negative 
relationship of_!:!. microlobus numbers to nitrogen amounts. Pratylen-
chus p enetrans and Tylenchorhynchus agri numbers were not related to 
nitrogen treatments . These data are summarized in Table 2. 
In soil from the Bloomfield 1964 plots that had received 0, 30, 60, 
120 or 240 lb nitrogen per acre year since 1952, there was a significant 
negative relationship of _!:!. microlobus numbers to nitrogen amounts. 
Pratylenchus spp. numbers were highest in the 60- and 120-lb nitrogen 
plots and lowest in the 240-lb nitrogen plots. These data are summarized 
in Table 3. 
Greenhouse Experiments 
Helicotylenchus microlobus numbers were compared by total numbers 
and per gram dry root weight. If dry root weights were significantly 
affected by the nitrogen treatments, then a covariance analysis was per-
formed according to methods described by Snedecor (12) to eliminate the 
variance in nematode numbers due to root weights and to determine 
significant differences in final nematode numbers between treatments. 
Where dry weights were not significantly affected by nitrogen treatments, 
a standard analysis of variance was performed to determine significant 
differences between treatment means. 
In the first greenhouse experiment, the average number of H. micro-
lobus per liter of unsterilized field soil (no nitrogen since 1915) w~-
lated closely to the average total dry weights in the 0. 0, 0. 03, 0. 3 and 
1. 5 gram ammonium nitrate treatments. In the 3-gram treatment, how-
ever , the average number of_!:!. microlobus was not related to average 
dry weight and was significantly lower than other treatment numbers. 
There were also fewer nematodes p er liter / gram root in the 3-gram 
treatment than in the other 4 treatments (Table 4). 
In the second experiment, the average number of H. microlobus per 
pot of steam-sterilized soil (no amendments since 1915) was related 
closely to total dry weights in the 0. 0, 0. 03, 0. 3 gram ammonium nitrate 
treatments. Helicotylenchus microlobus numbers, however, were not 
related to total dry weights in the 1. 5 and 3 gram treatments. Numbers 
in the 3-gram treatments were significantly lower than the other treat-
ment numbers. The fewest numbers per pot/ gram root also was found 
in the 3-gram treatment (Table 5 ). 
In the third experiment, the average number of g. microlobus per 
liter of steam sterilized soil (no nitrogen since 1915) was not related to 
the total dry weights. The H· microlobus numbers per liter in the O. 3, 
1. 5 and 3 gram treatments were significantly different from the numbers 
in the 0. 0 and 0. 03 treatments, but not from each other. The lowest 
numbers were again found in the 3. 0 gram treatment (Table 6). 
A comparison of roots revealed no discernible anatomical differences 
between roots grown with or without nitrogen treatments that might affect 
g. microlobus feeding. No subepidermal sclerenchyma was formed in 
the roots examined, whether or not the roots had received nitrogen. 
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Table 1. The number of plant parasitic nematodes per liter of soil from 
continuous corn plots receiving 0-160 lb nitrogen per acre year 
since 1953; Iowa State Agronomy Farm, Ames, Iowa, 1963 and 1964 
Treatmentsa Bu/acre Helicotylenchus Pratylenchus Hoplolaimus Xiphinema 
N P K yield microlobus spp. galeatus americanum 
1963 Nematode numbersb 
~0-0 30 696 300 192 975 
40-0-0 64 404 351 45 1091 
80-0-0 87 321 341 7 797 
160-0-0 111 202 807 7 641 
Regression form: linear linear linear linear 
Significance: .005 .05 .005 .10 
1964 Nematode numbers C 
~26-50 38 1070 345 276 619 
40-26-50 68 388 285 231 911 
80-26-50 93 99 439 51 1015 
160-26-50 114 35 829 93 401 
Regression form: linear linear linear quadratic 
Significance: .01 . 025 .25 .10 
a Pounds per acre year since 1953. 
b Average of 36 determinations taken on 3 sampling dates. 
c Average of 48 determinations taken on 4 sampling dates. 
Table 2. The number of plant parasitic nematodes per liter of soil from 
continuous corn plots receiving 40-160 lb nitrogen per acre 
year siµce 1952; Carrington-Clyde Experiment Farm, Independence, 
Iowa, 1964 
Treatments a 
N P K 
40-26-50 
80-26-50 
160-26-50 
Bu/acre 
-yield 
80 
97 
92 
Regression form: 
Significance: 
Helicotylenchus 
microlobus 
1259 
967 
525 
linear 
.05 
Pratylenchus 
penetrans 
b Nematode numbers 
922 
1049 
962 
a Pounds per acre year since 1952. 
Tylenchorhynchus 
agri 
1205 
1415 
1333 
b Average of 48 determinations taken on 4 sampling dates. 
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Table 3. The number of plant parasitic nematodes per liter of soil from 
continuous corn plots receiving 0-240 lb nitrogen per acre year 
since 1952; Southern Iowa Experiment Farm, Bloomfield, Iowa, 
1964 
Treatmentsa Bu/acre 
yield 
Helicotylenchus 
microlobus 
Pratylenchus 
spp. 
N P K 
0-26-0 
30-26-0 
60-26-0 
120-26-0 
Nematode numbersb 
240-26-0 
28 
60 
95 
144 
144 
Regression form: 
Signi ficance: 
15 
34 
5 
0 
0 
linear 
.01 
469 
526 
818 
742 
257 
a Pounds per acre year since 1952. 
b Average of 48 determinations taken on 4 sampling dates. 
Table 4. The number of Helicotylenchus microlobus per pot of unsterilized 
field soil in which corn was grown for 102 days with 0-3 grams 
annnonium nitrate; first greenhouse experiment 
Annnonium Dry weightsa Helicotylenchus microlobusa 
nitrate Tops Roots Total Per liter of soil Per liter/gram root 
g 
0 
0.03 
0.30 
1.50 
3.00 
g g g 
2.14 2.54 4.68 446 176 
2.96 2.57 5.53 654 254 
4.41 2.90 7.31 669 231 
6.34 3.34 9.68 949 284 
4.65 3.16 7.81 280b 89 
a Average of 8 determinations. 
b 280 is significantly different from 654, 669 and 949 at the .01 
level. . 
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Table 5. The nurnber of Helicotylenchus microlobus per pot of steam 
sterilized soil in which corn was grown for 127 days with 0-3 
grams anunoniurn nitrate and 2500 Helicotylenchus microlobus; 
second greenhouse experiment 
Ammonium Dry weights a Helicotylenchus microlobus a 
nitrate Tops Roots Total Per Pot Per pot/gram root 
g 
0 
0.03 
0.30 
1.50 
3.00 
g g g 
2.56 1.51 4.07 849 562 
4.64 1.91 6.55 1217 637 
2.47 0.92 3.39 860 935 
2.29 1.06 3.35 517b 488 
2.90 1.29 4.19 183 142 
a Average of 7 determinations. 
b 183 is significantly different from 849, 1217, 860 and 157 at the 
.01 level. 
Table 6. The number of Helicotylenchus microlobus per liter of steam 
sterilized soil in which corn was grown for 113 days with 
the addition of 0-3 grams ammonium nitrate and 3000 
Helicotylenchus microlobus; third greenhouse experiment 
Ammonium Dry weightsa Helicotylenchus microlobusa 
Per liter Per liter/g root nitrate Tops Roots Total 
g g 
0 11.7 
0.03 11. 7 
0.30 11.5 
1.50b 14.9 
g 
4.2 
3.4 
4.7 
4.6 
g 
15.8 
15.2 
16.2 
19.5 
10,933 
12,774 
5,183d 
3.00C 13.2 3.8 17.0 
6,892: 
4,666 
2,634 
3,715 
1,110 
1,492 
1,231 
a Average of 7 determinations. 
b 0.5 grams applied 14, 28 and 52 days after planting. 
c 1 gram applied 14, 28 and 52 days after planting. 
d 5,183, 6,892 and 4,666 are significantly different from 10,933 and 
12,774 at the .05 level. 
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DISCUSSION AND CONCLUSIONS 
These data show that H e licotylenchus microlobus field populations are 
related n e gatively to nitrogen soil amendme nt s at thre e Iowa locati ons 
(Fig. 1 ). T hree possible t heori es to e x plai n this phenome non are con-
side red: A) The h i gh nitroge n t reatments increase the host's r e sis t ance 
to feedi n g. A comparison of roots grown with the d i ffer ent n it rogen 
amount s fa i led to reveal any anat omical differences betwe e n roots g r own 
with o r without added nitrogen. Since the sclerenchyma layer (10) be-
neath the e p idermis i s not well f ormed in t he feeding zones, there i s no 
apparent ana t omi cal barrier to feeding. Nit rogen, furthermore, c onsti-
tutes only a small part of cell wall make-up (7). Lignin, an important 
substance in h ardening cell walls, is an organic compound h i gh in car bon, 
and does not have nitrogen as an important constituent (2). B) The high 
nitrogen amount s favor the growth and development of competitive plant 
parasitic nematodes to th e detriment of!!· microlobus. No evidence was 
obtained to support this the ory. Pratylenchus spp. numbers were h i ghest 
in nitrogen treated p l ots, but this is believed to be a function of the i n-
creased root s u pply and not the decreased!!· microlobus population . In 
greenhouse tes ts, _B. microlobus numbers were re l ated negati v e ly to 
nitrogen trea tments in the absence of any other plant paras i tic nemat odes. 
C) The high nitrogen treatments ~e, in the form of ammoni um nitrate 
are nematosta ti c to nematode populations. This theory is the most ac-
ceptable. Numbers of!:!· microlobus were negatively relateq to n it rogen 
treatments at all field s t ations, although soil types, relat ive num bers 
and species of accompanying plant paras i tic nematodes and growing con-
ditions were different at all three locations. 
Nitrogen i s applied in a narrow band running through the hills of corn. 
It is probable t hat in this narrow sampling band, whi ch rece i ves a ll the 
nitrogen, the ammoni um n i trat e concentration reaches a high enough 
level in place s to kill nematodes. The chances of reaching a lethal con-
centration w ould be dependent on the pounds of nitrogen applied pe r acre; 
thus, at higher applications more lethal concentrations would presumably 
occur, and nematode numbers might correspondingly be reduced. 
In the greenhouse experiments, the ammonium nitrate was applied on 
the relatively small surface are a of a 6- i nch pot. When h igh amounts 
were applie d , i t is presumed t hat l ethal concentrations were ·frequently 
created and spiral nematode numbers were reduced. When the 1. 5 and 3 
grams ammonium nitrate (highest amounts applied)were applied in t hirds 
at 2-week i n t ervals in the third experiment, rather than at once as in the 
first two exp e riments, the lethal concentrations were probably not so 
often reached and nematode numbers in the 0. 3, 1. 5 and 3. 0 gram t reat-
ments w ere not significantly different from one another, as they we re i n 
the previous experiments. 
This t h eo ry i s supported in part by work of Eno e t al. (6) and Oteifa 
(9). Eno !:_t ~- found that anhydrous ammonia was ;:- p-;;-tent nematocide 
around inj ecti on sites at rete ntion concentrations of 400-700 ppm ammo-
niacal nitrogen. The nemat ode numbers surviving the applications were 
dependen t on their distance from the i n j ection site . Oteifa found that 
Meloidogyne incognita produced fewer egg masses with the ammonium 
ion present than wi.th the nitrate ion. 
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Figure 1. The numbers of Helicotylenchus microlobus in continuous corn 
plots receiving 0-240 lb nitrogen per acre year for at least 
ten years. 
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A BS TRACT. G e r m i n a t i o n r a t e o f b i g b 1 u e s t e m, A n d r o p o g o n 
gerardi, was increased by gibberellic acid. Concen-
trations of 50 and 100 ppm gave similar results. The 
greatest increase occurred in the first week for both 
1960 and 1964 collections, being relatively greater for 
new seed. By the third week, however, differences 
between controls and GA-tested seeds were not statis-
tically significant. The older seed sample had a higher 
germination rate initially compared to new seed, sug-
gesting a more favorable endogenous growth factor re-
l at ions hip, po s s i b 1 y e ff e ct e d through a de c 1 in e in native 
inhibitor. Total viability, however, was lower than 
1964 seed. Germination of crested wheatgrass, ~-
E..Y...E.52.E cristatum , was unexpectedly decreased by GA. 
In concentrations of 25 ppm the differences were sig-
nificant. Age of seed, coll ec ted in 1961, is offered as 
a factor whereby an already favorable native gibber-
ellin-inhibitor ratio was possibly upset by exogenous 
gibberellin. The role of GA in seed germination may 
be most effective in fresh seed, when dormancy-induc-
ing mechanisms are probably most functional. 
INTRODUCTION 
Delayed germination in various species of the Gramineae is well known. 
For some grasses, improved germination occurs only after an extended 
post-harvest period. Natural inhibitors, impermeable seed coats, after-
ripening requireme nts are among the several factors often cited for 
delayed or unsuccessful germination. The physiological action of the 
gibberellins as a class of growth substances in breaking dormancy and 
accelerating germination for a wide var iety of flowering plants has been 
amply reviewed in recent years (Stuart and Cathey, 1961; Koller et al., 
1962). Despite the widespread application of these substances in ger;;;_i-
nation studies, results are not universal. The purpose of this study was 
to observe germination response to gibberellin by two grass species for 
which delayed germination has been reported in the literature, and to 
evaluate its effects, if any, on post-harvest dormancy. 
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MATERIALS AND METHODS 
Grasses studied were big bluestem, Andropogon gerardi , and crested 
wheatgras s, Agropyron cristatum. The first spe cies is a warm-season 
grass with prolonged dormancy or delayed germination ( Coukos, 1944). 
Crested wheatgrass is a cool season representative for which post-
harvest germination improved with time (H e rman and Herman, 1939). 
Big blue stem is a common constituent of tall grass prairie, and seed of 
this species was collected in 1964 from Missouri sites . A 1960 collec-
tion of Missouri big blue stem seed stored at room temper a ture in a tight 
j ar was also used. Se e d of crested wheatgrass was obtained through a 
commercial source. 1 Collection of this plains-type grass was made in 
1961. 
Varying concentrations of gibberellic acid (GA-3) as 75% K salt in 
aqueous solution were employed initially. Se eds were pre-soaked for 
varying lengths of time, up to 24 hours, in selected concentrations, and 
after rinsing in distilled water for o ne minute, were transferred to mois-
tened filter paper in sterilized P e tri dishes. D istilled water was used 
for controls under the same conditions. Seeds w e re not counted initially 
to save time and effort, but approximately 100 units per dish were used. 
The actual number for calculating per cent germination was determined 
at the end of the experiment when ungerminated caryopses were added to 
those which had germinated. Obs ervations were made at weekly inter-
vals, and a count taken when the radicle was at l east 3 mm in length. 
Spikelets of crested wheatgrass whish appe ared lacking in a firm caryop-
sis were discarded. Approximately 80'lo of the seed lot was used on this 
basis. For big bluestem only sessile spike lets of each spikelet pair 
which were firm in appearance were included in tests, approximatin g 50% 
for both collection years. Approximately 1000 se eds distributed in ten 
Petri dishes were used for each species in a given test. Tests were run 
in incubators equipped with automatic temperature and light controls 
which provided any combination of factors in a given cycle. Constant 
temperatures at 20°C and alternating temperatures of 10°C and 20°C for 
6 and 18 hours respectively were e mployed in darkne ss. Additional tests 
utilized alternating temperatur e s with a light-dark sequence, in which 
400-500 footcandles of fluorescent light were provided for 6 hours during 
the warm (20° C) period of the cycle. Each test was run a second time. 
If there was agreement, data from the first test of each pair were ana-
lyzed for mean squares to determine degree of significance of the treat-
ment factors. In case of discrepancy a third test was run. 
RESULTS AND DISCUSSION 
Germination of big blue stem seed in the dark at 20 ° C was increased 
by pre-soaking for 24 hours in aqueous solution with 100 ppm gi bberellic 
acid. These results are summarized in Table I. For 1964 seed, approxi-
mately 6 months old at the time of study, significant mean squares at the 
1% level were obtained when per-centages after 1 week and 3 weeks were 
analyzed. Relative differences attributed to the applications of gibberellic 
1 Sharp Brothers Seed Company, Healy, Kansas. 
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Table I: Average germination percent for big bluestem af'ter l, 
2, and 3 weeks at 20°c constant temperature, treated 
Treatment 
Control 
100 ppm 
with 100 ppm GA f'or 24 hours. Treatment an4 control each 
represent approzimately 1000 firm seeds f'or each age group. 
1960 seed 1 1964 seed 2 
weeks neks 
1 2 3 1 2 3 
s.2 22.2 24.93 2.7 18.l. 37.54 -
21.9 32.6 33.2 12.s :59.0 46.0 
1
•
2 Treatment mean squares tor both 1960 and 1964 oolleot1.ons 
significant at ii level. 
3
•
4t values not significant for either 1960 or 1964 
oolleotiona .w'ben comparing effect of' GA tor third 
week only. 
acid as a pre-germination treatment were greatest after l week. These 
differences decreased thereafter, although absolute germination values 
were still somewhat highe r at the end of 3 weeks. Since the average 
difference in germination between controls and GA-treated seeds dimin-
ished considerably toward the end of the experiments, it was speculated 
that the germination relationship as a function of weeks may have been 
partially obs cured by the results obtained from the treatment-time analy-
sis. Separate 't' tests thus were employed for the second and third week 
data. From these tests, it was shown that the differences between treat-
ment after 3 weeks were not significant, but differences due to GA ob-
served after 2 weeks were still significant at the 5% level for old seed, 
and at the 1% level for new seed. Based on these responses, the data 
suggest that gibberellin accelerates germination for an initial period up 
to about 2 weeks, after which the controls tend to catch up. Total ger-
mination thus remained unaltered. 
Such hastening of germination may have ecological advantages in sur-
vival if meshed with periods of favorable growth conditions. Retardation 
of germination during initial phases of the post-harvest period may occur 
until endogenous growth substances develop to an operative level, or when 
native inhibitors decrease. Evidence has been presente'd by Naylor and 
Simpson (1961) which suggests that dormancy in wild oats, Avena fatua, 
involves restriction of both sugar accumulation and sugar utilization, 
which can be overcome by exogenous gibberellic acid. It was further 
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stated that dormancy may be broken by a decrease in inhibitor content 
while endogenous gibberellin remains constant, and that rate of germi-
nation is controlled by relative amounts of these substances. Active 
extracts of gibberellin-like substances were obtained from mature dry 
seeds of wheat (Radley, 1958), and more recently Myamoto, Tolbert and 
Everson(l961) found that the post-harvest dormancy of wheat was caused 
by an inhibitor which could be reversed by 10 ppm GA. Black and Naylor 
( 1959) we re able to demonstrate that GA prevented the onset of dormancy 
in wild oats, when plants in the milk stage were treated with varying 
concentrations prior to harvest. In the present study optimum results 
for big blue stem seed were obtained with 100 ppm GA, although responses 
were generally similar when concentrations of 50 ppm were used under 
the same conditions. 
It was shown by Coukos ( 1944) that germination of big blue stem seed 
collected in Missouri increased with age, reaching a maximum approxi-
mately 18 months after harvest. Conditions of storage were a factor, 
with sealed jars preserving viability and high germination even after 38 
months. In this study, germination of the older collection was initially 
more rapid, even after 54 months in storage, than for freshly harvested 
seed. Germination percent was higher during the first week for both 
controls and GA-treated seeds of the older collection. Final values after 
3 weeks, however, were less than for new seed. Apparently a greater 
degree of responsiveness is shown for live seed of the older collections, 
suggesting possil;>ly a decline in inhibitors, and thus a relatively less 
functional influence being e xe rted by exogenous gibberellin. Comparing 
the data for the first week only, 100 ppm GA increased germination in 
old seed l 6T'/o but 37 5% for new seed. The same relationship between 
old and new seed ,and the application of GA was observed with alternating 
temperatures in the dark. This was mainly a higher initial germination 
in the old seed, and a relatively greater influence exerted by the gibber-
ellin on new seed. Absolute germination was increased by a!ternating 
temperatures compared to continuous , 20° C, but the differences were not 
significant. 
Preliminary observations showing a depression effect of GA on ger-
mination of crested wheatgrass provided the basis for more detailed 
studies in which .~oaking time and chemical concentration were ,,aried. 
These data for 20° C in darkness are shown in Table II. A gradient of 
decreasing germination with higher concentrations was indicated, par-
ticularly for the 24-hour soaking treatment. With progressively shorter 
soaking time and lower concentrations of the chemical, the trend was 
less pronounced. For 3- and 6-hour treatments using only 25 ppm GA, 
depression still occurred which was significant at the 5% level. In a 
modified test, dry seeds were placed on No. 1 Whatman filter paper which 
was initially satqrated with 50 ppm GA and then drained of excess solu-
tion. In this test, too, there was an average decrease in germination of 
GA-treated seeds; however, the difference was not significant. Decreased 
germination in GA-treated seeds of crested wheatgrass also occurred 
with alternating temperatures in the dark. Differences were significant 
at the 1% level, using 25 ppm GA. 
Inhibition with GA rather than stimulation of germination in Sedum 
has been reported by Fuji ~ ~- ( 1960). These workers noted decreased 
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Table II: Average germination percent for crested wbeatgrass 
seed after 3 weeks at 20°c cons tant temperature, 
·treated with varying concentrations of GA for dif-
ferent lengths o:t time. Each value represents 
approximately 1000 firm seeds. 
Treatment 
Control 
25 ppm 
50 ppm 
100 ppm 
200 ppm 
Time - Hours GA uptake 
3 6 12 24 on treated paper 
57.6 64.81 62.8 67.92 67.03 
52.4 52.5 63.5 62.6 
66.8 51.8 61.9 
63.4 49:.1 
45.7 42.9 
1 Treatment mean square f'or 3 and 6 hour data significant 
at 5% level. 
2Treatment mean square for 12 and 24 hour data significan1 
at 1% level. 
3 t value not significant for G.A uptake on treated paper. 
germination percent with prolonged exposure time . Optimum time was 
inversely related to concentration . For example, maximum germination 
with 200 ppm was obtained at 24 hours, but with 1000 ppm only 1 hour 
was required. In the p rese nt study, however, no significant increase in 
germination of crested wheatgrass was ascertained even at low levels of 
GA for very brief p e r i ods. Nakamura (1962), by contrast, obtained in-
creased germination for crested wheatgras s using GA, in which light was 
used. In view of these differing results for the same species, light was 
also emplo yed in a series of tests of the present study. With light, in 
conjunction with alternating tempe ratures, decreased germination for 
GA-treated se e ds was also observed. The diffe r ences compared to con-
trols we re significant at the 1% level, usin g 25 ppm GA. -· 
The discre pancy between the results of these investigations may be 
due possibly t o differences in post-harves t age of the seed, although the 
age of the collection used by Nakamura ( op. cit.) is not·:a.vailable for com-
parison . In the p r e sent study, however, the seed lot ~as 4 years old 
during the period of observation. It is suggested that after this length of 
time inhibitors, if present, may h a ve been reduced to near nonfunctional 
levels . Under these conditions applications of gibbereilin possibly ef-
fected an unfavorable balance in the native growth factor - inhibitor rela -
tionship. Sowings of crested wheatgrass (Herman and Herman, op. cit . ) 
at various intervals following harvest showed only limited germination 
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during the first several months. Thereafter, germination improved. 
Using GA, Corns (1960) obtained variable results with wild oats, Avena 
fatua, grown in the greenhouse from the same seed source, but with dif-
ferent planting dates, and cautioned against over-simplified statements 
concerning the role of GA in the germination process. In order to vary 
the age at which germination was observed, three ·additional experiments 
were performed with crested wheatgrass 10 months following the data 
shown in Table II. These latter results are pres ented in Table III. Two 
Table III: Average germination percent for crested wheatgrass 
a!'ter 3 weeks treated with 25 ppm GA. Each value 
represents approximately 1000 firm seeds. Data 
taken 10 months after those in Table II on the same 
seed lot. 
Treatment Control 
Expt. I 
10/20°0, Dark 27.0 45.6 
Expt. II 
10/20°0, Light-Dark 35.3 47 .s 
Expt. III 
l0/20°c, Light-Dark 43.1 47.7 
(on filter paper) 
-tHr Significant at the 1% level 
t Not significant 
Dif'f'erence 
developments were apparent. Overall germination had decreased during 
this period of time and the application of gibberellin caused a decreased 
germination response as in the preceding tests. Again, the difference 
due to GA by soaking was highly significant, but less marked due to up-
take on filter paper. Thus, the physiological state of the seed in relation 
to degree of maturity, sto rage age and conditions, and to the endogenous 
growth factor-inhibitor mechanism offers a complex problem in data 
inte rpe rtation. 
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GE N ETIC VARIABILITY OF QUANTITATIVE CHARACTERS 
WITHIN A N INBRED LINE OF MAIZE 1 
D. E. C o chran and W. A. Rus sell2 
A BS TRACT. T h e p u r p o s e o f t h e s t u d y w a s t o d e t e r m i n e 
if significant variability observed among sublines of 
an inbred line of maize, Bl4, w as caus ed by genetic 
effects. Sublines that had been found divergent fo r 
certain plant and ear .characters w er e crossed, and 
plant and ear measurem ent s were made on the parents, 
F _ 1 , F 2 a n d F 3 g e n e r a t i o n s i n 1 2 c r o s s e s • 
Significant differ e nc es among F 3 pr ogenies for all 
quantitative characters studie d were obtained in al l 
ex p e riments, with the exception of kernel row numb e r 
i n two instances. In 11 of 12 e xpe rim e nts, there wa s 
a significant difference between the parent sublines 
fo r the specific charact e r for which th ey were s ele c-
te d. Significant differ ences between the par ents and 
definite segregation of the F 3 progenies is substantial 
e vidence that the variability observed in inbred B l4 
w as caus e d by genetic effe cts. Segregation of the F 3 
lines suggested only one locus w as involv e d in some of 
t he characters studied, whe reas in other cas es, it ap-
pe ared that several loci w er e segregating. Trans-
g ressive segregation was observed in several F 3 dis -
tributions. The occurrence of significant c o rrelation 
coeffi cients between many of the pairs of charact e rs 
gave strong evidence for pl e iotropic effe cts of the 
ge nes involved. Significant nonadditive gene acti o n 
based on the deviation of the F 1 from the mid-parent 
was observed in 8 out of 39 sets of observations. E v i-
dence for epistasis based on deviations of the F 2 and 
F 3 g e neration mean values from expected was observed 
only once. Considerabl e evidence was obtained that 
selection had occurred in the development of the F 3 
progenies. Most of the variability o bs erved in inbred 
l i nes is of little practical importance unless the chang-
es that occur are transmitted to hybrid progeny; how-
1 Contribution from the Iowa Agricultural and Home Economics Experi-
ment Station and the Crops Research Division, ARS, USDA. Journal 
Paper No. J-5245 of the Iowa Agricultural and Home Economics E x peri-
ment Station, Ames, Iowa. Project No . 1575. Part of a thesis sub-
mitted by the senior author in partial fulfillment of requirements for 
the M. S. degree. Received for publication D e cember 15, 1965. 
2 Graduate Assistant (now with Illinois Foundation Seeds, Inc.), and Pro-
fessor, Iowa State University. 
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ever, heritable variability is of biolo g ical sig nificance 
b ecause it points out the difficulty of maintaining an 
inbred line geno typ e unchanged for a period of years. 
The production of corn hybrids involves the crossing of two or more 
inbred line s that have be en developed by several ge n erations of selection 
and inbre eding. Although the method of maintaining these inbred lines 
varies among breeders, usually some form of selfing or sibbing is used. 
The primary purpose of developing thes e lines through the inbreeding 
procedur e is to obtain a genotype that exhibits repeatable performance 
from generation to generation . Since variability has been observed with-
in many inbred lines that have been maintained by continuous selfing, 
questions have arisen among corn breeders concerning the cause of this 
variation. 
Genetic mutations ha ve be e n studied probably more extensively in 
corn than in any other agronomic species . The majority of the mutations 
studied to date have concerned s imply inherited or qualitative characters. 
However, the more complexly inhe rited quantitative characters have 
been studied extensively in recent years . Gene mutations affecting quan-
titative traits will usually have small effects w hi ch can b e detected only 
by measurements in replicated experiment s. 
Sprague, Russe ll , a nd Penny (1 960 ) obtained an estimate of 4. 5 muta-
tions per attribute p e r 100 gametes tested in 11 doubled-monoploid inbred 
lines of maize. In a s imilar study w ith six long-time inbreds, Russell, 
Sprague, and Penny (1963) obtained 2. 8 mutations per attribute per 100 
gametes tested. Residual heterozygosity could not have been a causal 
factor in the estimate for the doubled-monoploid lines, but may have been 
a causal factor in the estimate on long-time inbreds. Bus ch and Russell 
( 1963) found that approximately 40% of the mutations detected by Russell 
!:_t <D· in inbreds Os420 and Ml4 were expressed in hybrid progeny. 
Fleming, Kozelnicky, and Brown ( 1964) found that he r:editary variations 
existed among stocks of a long-time inbred line obtained from different 
experiment stations. 
In a preliminary study of phenotypic variability in inbred Bl4, Khan3 
( 1959) found highly significant differences among sublines for six quanti-
tative plant and ear characters. The purpose of the present study was 
to conduct additional studies with some of the sublines used by Khan to 
determine to what extent the differences obse rved by him could be as-
cribed to genetic causes. 
MATERIALS AND ME TH ODS 
The seed used by Khan (£:e· cit.) could be traced back to a single ear 
of inbred Bl4 in 1949, and this was a product of approximately 10 gene r-
ations of selfing and selection in an e ar-to-row program. Consequently, 
one would expect the genotype of this ear to be highly homozygous. 
In 1951, seed was composited of self-pollinated ears that were not 
3 Khan, M.A. 1959. Variability in a bulk population of a long-time in-
bred line of maize. M. S. Thesis, Iowa State University. (Unpublished) 
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used to propagate the line in the ear-to-row procedure. This composited 
seed was the basis for seed increases; by hand pollination in 1952 and by 
space isolation in 1953, using a composit e of seed from 1952. Plants 
from 1953 s e ed grown in 1957 showed considerable plant-to-plant varia-
bility , and, because no marke d changes in vigor or plant characteristics 
w e r e present, this variability could not be attributed to outcrossing in an 
e arlier generation. Khan's (£I?· cit.) study involved 72 sublines taken 
from approximately 250 plants that were selfe d at random in 1957. Two 
checks included were sublines that had been maintained by a conti nuous 
ear-to- row inbreeding procedure from the single ear in 1949. He ob-
taine d m e asurements on six plant and ear characters in a replicated 
experiment. The two checks were not significantly different from one 
another except for date of silking. For all characters except number of 
tass e l branches, the distributions of the subline values resembled a 
normal curve , with the mean of the checks as the median. The range of 
the distributions in all cases, however, was greater than would be expect-
ed b e caus e of random variation. 
R e mnant seed of the sublines studied by Khan (£I?· cit.) was retained 
in cold storage. For each character that he measured, the two sublines 
with highest mean values and the two sublines with lowest mean values 
were selected for' further study. Single crosses between the highest and 
lowest and second highest and second lowest were produced in each case. 
An incr e ase of seed from the sublines was obtained by self-pollinating 12 
to 16 e ars p e r line and bulking the seed obtained. In subsequent gene ra-
tions , F 2 and F 3 inbred seed was obtained for each cross. 
D ata to be reported here were obtained in experiments grown in 1963 
and 1964 at the Iowa .State University Agronomy Farm. The 1963 trials 
invol ve d the parents with highest and lowest mean values and progenies 
f rom the crosses, and in 1964, the parents with the second highest and 
lowest mean values and progenies from the crosses. Six experiments 
we re g rown in each of the 2 years, and each experiment comprised the 
two parents, the F 1 and F 2 progenies , and 24 to 28 F 3 progenies. 
The pa r e nts and the F 1 and F 2 generations were entered twice in each 
replication, and the individual entries of each generation were considered 
as s e parate e ntries for purposes of analysis. Each entry was represent-
e d in the exp e riment by a single - row plot of 10 plants and there were 10 
repli cations . To provide a uniform and competitive environment, a later-
m aturing inbred with a distinctly different phenotype was planted in the 
alleyways between ranges. Missing positions within a plot were replanted 
to t h e late-maturing inbred before the first cultivation. 
An additional experiment was grown in 1964, using the remnant s e ed 
f rom one of the six experiments grown in 1963, for the specific purpose 
of increasing the number of replications to obtain more accurate estimates 
of the generation mean values. This experiment had five entries: the 
two parents, Fi, F 2 and a composite of 28 F 3 lines. A randomized block 
design with 30 replications was used. 
The characters measured and the number of F 3 sublines grown in each 
exp eriment are shown in Table I. In addition to the specific character 
for which two parents were selected, measurements were taken on the 
characte rs for which the parents differed by more than one L . S. D. in 
Khan 's (£1?· cit.) study. To obtain the date of silking, the plants were 
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Table 1. The characters measur ed and the number of F
3 
sublines in ea ch 
experiment . 
Exp . Tassel Plant Ear Ear Date of Kernel No . of 
No . b ranch No . height height length silk row No. F3 sublines 
76 Va V V 28 A .1\. 1, A 
77 X xa X 28 
78 V xa X X 28 A 
79 X X V x a 28 A 
So ,,a 28 A 
81 X X xa 27 
89 xa X 28 
90 X X xa X 28 
91 x a X 26 
92 X X x a X 27 
93 X X xa 28 
94 X xa X 24 
208 X xa X X Bulk 
a Character for which the parents wer e selected . 
X Character measured. 
checked daily during the period of silk e mergence, and each tagged when 
the first silks emerged. Plant height was measured from ground level 
to the base of the flag leaf, and ear height was measured from ground 
level to the top ear-bearing node. Counts of tassel branches included 
the main spike and primary branches. Ear length was obtained by placing 
all ears in a measuring tray, and total length was read directly to the 
nearest centimeter. 
An analysis of variance of plot means was calculated for each charac-
ter and F tests made to determine if significant differences were present 
among entries. The analysis was made first on all entries in an experi-
ment and then only on F 3 lines. 
To obtain information on pleiotropism, genotypic and phenotypic cor-
relations were calculated among the mean values of characters measured 
in the same experiment. The formulas used for these calculations are 
presented by Kempthorne { 1957). 
GENETIC VARIABILITY OF INBRED MAIZE 149 
i'T 
~y 
phcnoty-pic a nd genot;y--p ic correla t i on of X and Y cha:cact -
ers, respectively . 
C-- genotypic covariance between X anc1 Y. 
::yG 
"' 2 
and o-; 
G 
Genot:,rpic variance i n the expr ess i on cf the charc:1cters 
X anc1 Y, r espectively . 
Although these experiments were not planned for the specific purpose 
of obtaining information on heterosis and types of gene action, the data 
available for the parents, F 1 , F 2 , and F 3 permitted some comparisons 
among gen e ration means. Differe nces that exceeded the l e ast significant 
difference at the 5% level were considered significant. The formula use d 
to calculate the L. S. D. is given by Snedecor (1956). 
L. S . D. = t ( . 05)(df)s ✓ l_ + l_ 
~ n2 
The standard deviation was calculated from the error variance of total 
lines . As previously discuss e d, the numbe r of entries per generation 
differe d ; the r e fore, when calculating the L. S. D., n 1 will not equal nz. 
For example , in Experiment 76, the least significant differe nce of the 
combined mean of F 3 subline s from the mid-parent v alue w as calculated 
n 1 = 280 and n 2 = 40. 
EXPERIME N T AL RESULTS 
The results of the F tests, g i ve n in Table 2, show that signifi cant dif-
feren ces among F 3 lines at the 5 or 1% level of probability were obtaine d 
in all instances where characters were measured except k e rne l row num-
ber in E x p eriments 77 and 80 . E x periment 80 was the only cas e in which 
there were no significant differences for the specific characte r for which 
the parent sublines were selected. Although Table 2 contains only those 
re sults of the F 3 progenies, one-tailed F tests for total entry mean 
squares gave the Sa.me results. 
The differences between the parent subline s for each charact e r meas -
ured are shown in Table 3. The first character listed opposite each ex-
periment number was the specific character fo r which the parents were 
s elected. However, as pointed out previously, the parents differed by 
more than one L. S. D. for the additional characters listed and measured. 
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Table 2. A swnmary of the analyses of variance of F3 sublines showing the levels of significance for the F values. 
E.."'Cp . Plant Ear Ear Tassel Kernel Date of 
no. height hei ght length branch no. r ow no. silk 
- 76 ** ** ** ** 
77 ** ** N. S . 
78 ** ** ** ** 
79 ** ** ** ** 
So N. S. 
81 ** ** 
89 ** ** 
90 ** ** * ** ** 
91 ** ** 
92 ** ** ** 
93 ** ** ** 
94 ** ** 
208a ** ** 
a Results of the analysis of variance of total l ines. 
* 50:' Significant difference at ,? level of probability . 
** 1% Significant difference at level of probability. 
The parental sublines grown in these e x periments we re significantly 
different at the 5% level of probabilit y for 36 of 43 sets of measurements 
taken. Also, in every case the values of P 1 and P 2 relative to one another 
were the same as the parents had shown in Khan's (£1?· cit.) study; i.e., 
P 1 always had a value lower than P 2 as w as the cas e for the parents used 
in developi ng the seed for these experiments. 
The frequency distributions of the F 3 progenies for those characters 
for which the parents were selected from Khan ' s (op. cit.) study are shown 
in histograms in Figure 1. The class intervals are based on the standard 
error of the mean, and the histograms are plotted relative to the mean 
value of the parent sublines. The parent sublines are given in their re-
spective classes from the mid- parent and are designated P 1 and P 2 • The 
frequency distributions of the F 3 sublines for all characters measured 
are shown in Table 4. 
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The frequency distributions for the F 3 sublines in Table 4 reveal 
changes in most cases that are greater than would be expected for ran-
dom deviations about the mean. Also, transgressive segregation either 
below P 1 or above P 2 , or both, was obtained in several characters meas-
ured. Transgressive segregation is evidence that gene segregation and 
recombination have occurred with two or more loci involved. Probably 
the only cases in which there is not strong evidence that gene segregation 
has occurred are kernel row numbers in Experiments 77 and 80. The 
number of F 3 sublines grown were too few to obtain a satisfactory distri-
bution from which to estimate the number of gene pairs involved in each 
character. In those instances where extensive transgressive segregation 
is shown in the frequency distributions, probably two or more gene pairs 
were involved. However, some of the histograms in Figure 1, such as 
tassel branch number in Experiment 89, ear height in Experiment 77, 
plant height in Experiments 7 8 and 91, ear length in E xperiments 7 9 and 
92, and kernel row number in Experiment 93, suggest segregation of only 
one gene pair. 
The deviations of the generation mean values from the mid-parent are 
shown in Table 3 for the F 1 , F 2 , and F 3 generations . The F 1 deviations 
from the mid-parent we re significant, or highly significant, for 8 of the 
43 sets of experiments . The significant F 1 deviations were positive ex-
cept for date silked in Experiment 94. The F 1 mean exceeded the high 
parent by a significant margin in date silked, Experiment 81. Significant, 
or highly significant, deviations for the F 2 and F 3 gene rations were ob-
tained more frequently than for the F 1, and, in a few cases, the deviations 
we re of opposite sign to the F 1. The size of deviation for significance 
was less for the F 3 sublines because 24-28 entries were involved as com-
pared with 2 entries in each F 1 and F 2 generation. Deviation of an F1 
from the mid-parent may be explained on the basis of nonadditive gene 
action and, thus, an expression of heterosis. However, the deviations of 
the F 2 and F 3 generations can be explained only on the basis that selection 
or mutations, or both, have occur r ed during the development of these 
generations . The deviations of the F 2 and F 3 for date silked in Experi-
ments 81 can be accounted for by ge ne action in the absence of selection. 
E xperiment 208 was a repeat of E xperiment 78, except that a com-
posite of the F 3 progenies was used, to determine if the values of the 
generation means we r e similar with increased replication. Direct com-
parisons between the two experiments may not be valid because they we re 
grown in different y~ars, but some relative comparisons can b e made. 
The difference between P 1 and P 2 w as highly significant in both tests, but 
the difference was considerably l ess in Experiment 208. Comparisons of 
the F 1, F 2 , and F 3 generation means with the mid-parent values are very 
similar in all cases except for the F 3 plant height. In both experiments , 
there is evidence that selection must have occurred in the development 
of the F 3 progenies. 
The genotypic and phenotypic correlations between pairs of characters 
for the F 3 sublines measured in each experiment are given in Table 5. 
Most of the phenotypic correlations were positive and significant, or 
highly significant; the few exceptions being ear height with tassel branch 
number in Experiment 90, ear height with date silked in Experiment 81, 
ear length with plant and ear height in Experiment 92, and several cases 
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Table 3. Differences between the parents and deviations of the 
hybrid generation means from the mid-parent. 
Exp. 
no. 
76 
77 
90 
78 
91 
79 
92 
80 
Charac-
tera 
T.B.N. 
P.H. 
E.H •. , 
E.L. 
T.B.N. 
E.L. 
E.H. 
P.H.' 
K.R.N. 
E.H. 
P.H. 
T.B.N. 
E.L. 
K,R . N. 
P.H. 
E.H. 
T.B.N, 
E.L. 
P.H. 
E.H. 
E.L, 
P.H. 
E.H.-
T,B.N. 
E.L. 
P.H. 
E.H. 
K,R.N. 
K.R.N. 
2.8* 
6.2* 
5.4* 
.4 
1.4* 
.1 
4.8* 
.8 
1.1* 
5.1* 
7.6* 
3. 8* 
1.6* 
,7* 
17.1* 
7,4* 
1.8* 
1.8* 
11.3* 
3,9* 
1.7* 
8. 0* 
6.5* 
2.6* 
1.5* 
2.4* 
.5 
.6* 
.6* 
.4 
2.8* 
1.3 
.1 
- .2 
.6 
.6 
1.7 
.5 
1.3 
1.9* 
.2 
.6 
.o 
- • 7 
-1.4 
-7** 
.o 
.9 
-1.2 
.6 
4.2** 
2.5* 
1.1** 
.6 
.6 
.4 
- .1 
.o 
Deviation 
- .6** 
... 1 
-1.4 
... 1.3 
.8* 
3,5** 
.7 
1,9-!H!-
l.4** 
.o 
-2.2 
-3, 9** 
- ,9** 
- .2 
1.7 
- • 7 
.3 
.8 
.6 
.3 
- .2 
.... 2.1 
.. 1.0 
- .1 
- .1 
- .1 
.2,5** 
.5 
.4* 
- .1 
- .5** 
- .3 
-1.1 
,7** 
4.8** 
1.0 
1.8** 
1.0** 
.o 
2.1 
2.8** 
.8** 
.2 
2.8** 
.5 
.4* 
1.6-lHf 
2.2** 
,7** 
- .2 
.3 
1.1 
.1 
.1 
a P.H.= Plant height, E.H. = Ear height, T.B.N. = Tassel 
branch no., E.L. = Ear length, K.R.N. = Kernel row no., 
D.S.= Date of silk. (In this table and. all subsequent 
tables.) 
* Significant at the five percent level of probability. 
Significant at the one percent level of probability. 
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Tabl e 3 (Continued ). 
Exp . Charac-
P2-Pl 
Deviat i on a 
no . t e r s 
F F2 F3 l 
93 ICR . N. . 9* - . 1 - .2 .1 
P. H. 7 . 3* 
- . 5 - 2 . 9-l<-lE- - . 7 
E . H. 4 . 4* . 3 - 3 .1-lHE-
-
. 8 
81 D. S. 2 . 8* 2 .3 -lHE- 1 . 8-lHE- 1.3-lHE-
P. H. 1. 8 L O 1.1 . 2 
E . H. 2 . 8* 
-
. 4 
-
.3 1.2 
94 D. S. . 2 - . Tx-* - . 5 - . 2 
T . B. N. .3 
-
. 3 
-
. 1 . 5-x--x-
K. R. N. . 4* . 2 . 1 .o 
208 P. H. 1 2 .5* . 2 - 2 . 0* 1. 8 
E. H. 5. 4·* 1. 4 
-1. 9 3.3-H 
T.B. N. 2 . 0* . 2 .5* .6-H 
E.L. 1. 8* .1 
-
. 1 . 6-H-
inv olving k ernel row number. Variations among F 3 subline means for 
kernel row number were generally low, and this may accou nt for the 
several nonsignificant !. value s inv olving this ear character. 
DISC USSION 
The parental subline sele cti o ns that w ere crossed to produ c e seed for 
t his com parative study w e r e significantly different in Khan's (£1>· cit.) 
t hes i s in each case for the charact er for w hich they were select.ed. -In all 
cas es e x c e pt one, they had also show n a significant differ e nce f or one or 
more additional characters. It was suspected that these parental differ-
e nces wer e genetic and w ould b e heritable; however, the . single study 
c ou ld not give conclusive evidence. 
In 36 of the 43 sets of data obtained in the pres e nt study, the parental 
sublines we re significantly di fferent, thus repeating the results obtai ned 
p r eviously. Furthermore, in all cas e s, the mean values for P 1 and P 2 
re lative to one another were the same as in Khan's study in thatP 1 always 
h a d the s m alle r mean, P 2 alw ays had the larger mean. The F 3 progeny 
means showe d significant variation for all characters studied, with the 
exce pti on of ke rnel row number in t w o e xperiments. The results obtained 
for t he pare ntal sublines and F 3 progenies give conclusive evidence that 
the subline differences found in the preliminary ·study are heritable and, 
t h erefore, hav e a genetic basis. 
The inbred Bl4 material used in this study was self-pollinated a mini-
mum of IO generations before preparation of s ee d for Khan ' s experiment. 
It w as e x pected that, with no select ion or mutations, the genotype at that 
t i me w ould have had 99. 97/o homozygous loci. S e lection for v igorous plants 
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Figure 1. Histograms of the F 3 progenies for the characters for which the pare nts were sele cte d. 
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Table 4 . Frequency distributions for each character of 12 experh\ents inclu.o.ing only F.~ sub lines. ' O' 
class is the mid -par~nt value and the other c1asses are separated by the least sic;nificant 
difference at the fj_ve percent level on ea ch s ide . 
Classes 
Exp . Charac- - 8 - 7 -6 - 5 -1~ ') - 2 - 1 +l +2 +3 +4 +5 +6 +7 +8 +9 - .) 
Ho . ter to to to to to to to to 0 to to · to to to to to to to 
- 32 - 8 - 7 -6 - 5 _ )~ - 3 - 2 +2 +3 +11 +5 +6 +7 +8 +9 +11 
76 T.B.N. 6 1 a 1 2 3 1 2 l1. 2b 2 1. r 0 - 0 
P . I-L 1 la -:> l~ li. 3b 9 1 1 l 0 .) ~ 
E . II . l 1 2 l 3 la 1 6 3 3b 2 3 1 ~ ~ 
E. L. 2 3 l 1 1 2 5 lOab ~- 1 z 
Pl 
89 T, B. N. 2 1 lOab 8 
:::J 
lr 1 2 0.. 
E.L. 2 l 3 2 17
ab 2 1 ~ C: 
C/l 
77 E. H. 1 1 1 6a 15 lb l 1 1 
C/l 
M 
P . H. 2 ¼- lr 14ab 1 2 1 r"' r"' 
K . R. l'T. la 3 1/' 7 
90 E . H . a 3 3 lb 5 3 8 ¼ 1 -
P.H. la 2 12 5 5 b 2 1 -
T.B.N. a 1 3 1 3 1 3 Cb lr 3 4 - ;., 
E.L. a 5 5 7b 9 2 -
IC . CT . N. 3 ~t 8 5b 3 l 1 
Table 4 (Continued). 
Classes 
Exp. Charac- - 8 
-7 -6 -5 -4 -3 -2 -1 +l +2 +3 +4 +5 +6 +7 +8 +9 Cl M No. ter to to to to t o to to to 0 to to to to to to to to to z 
-32 -8 -7 -6 -5 -4 -3 -2 +2 +3 +4 +5 +6 +7 +8 +9 +11 M t-3 
H 
78 2a 6 lb 
0 
P.H. 1 1 1 9 3 3 1 < 
E.H. 2 2 1 la 1 1 5b 2 6 3 !1 ► ~ 
la 2b !1 H T.B.N. 5 1 1 2 5 4 3 ► 
2a 9b b:J E,L. 1 3 1 4 5 2 1 H t'"' 
H 
91 P.H. a 1 1 9 1 5 3 4b 2 t-3 - ~ 
E.H. 1 1 3 1 3a 2 3b 8 3 l 0 f-xj 
79 E.L. l 1 la 4 7 l+ b 7 2 1 
H 
- z 
P.H. 1 2 2a 1 !~ 3 5 l!_b 2 2 2 
b:J 
~ 
a !,b /' M E.H. 1 1 1 l 2 
- 5 0 2 3 1 l tJ 
T.B.N. 6 a 2 3 4b )_I- 2 6 1 ~ - ► 
3a l H 92 E.L. 2 3 1 10 4 1 N M 
P.H. 1 3 · 6 ~b !~ 1 4- 1 
E.H. 1 1 2 1 7ab 5 5 2 2 l 
K.R.N. 1,. !~a 6 7b 3 2 1 
80 K.R.N. 4a 16 7b 1 
..... 
u, 
-J 
u, 
00 
Table 4 (Continued ). 
Classes 
Exn Charac - -8 -7 ,-
- 5 - 4 - 3 - 2 - 1 +l +2 +3 +!+ +5 +6 +7 +8 +9 L • - o 
No. ter to to to to to t o to to 0 to to to to to to to to to 
-3 2 - 8 -7 -6 - 5 -4 -3 - 2 +2 +3 +4 +5 +6 +7 +8 +9 +11 
93 K. R. N. 3 4-a 2 6 3 5b 2 2 1 
la 4_b 
() 
P.H. 2 1 1 lr 12 3 1 0 
lra 5b 
() 
E. H. l 1 1 2 12 l 1 ~ ~ 
81 a l! 4b ► D. S. 
-
2 3 2 5 2 2 z 
P.H. 2 1 1 1 2 2 8ab 4 l 3 2 1 Pl ;:l 
la 7b - p_. E. H. 1 2 9 3 2 2 ~ 
91} 5ab C: D. S. 2 2 2 2 5 2 1 l 1 1 C/l 
(;3b C/l T. B.N. l 2 2 ,- 2 1 2 2 M 0 t-< 
K.n.N. 1 la 8 lib 2 3 2 t-< 
a Class of the lm1 par ent 
b Class of the hi~h par ent 
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during the successive generations of selfing may have retained more 
heterozygous loci than expected with no selection. The extent to which 
the selection was successful in retaining heterozygous loci would deter-
mine the importance of residual heterozygosity in explaining the results 
of the study. However, for heterozygous loci to be maintained by selec-
tion, overdominance or some type of epistasis would have to exist. Evi-
dence for ove rdominance was obtained in only two cases; plant height in 
Experiment 79 and date silked in Experiment 81, in which the F1 genera-
tions were significantly greater than the mid-parent and, also, greater 
than Pz. Mutations als~ may have been a cause of genetic variability 
among the sublines, but in inbred lines developed from a heterozygous 
source, there is no way to distinguish between residual heterozygosity 
and mutation. Either one or ·both of these genetic forces are responsible 
for the genotypic differences among the progenies in these experiments . 
Consequently, the plants in any of the progenies could be of three general 
types: (a) those types heterozygous for one or several loci and having 
differences great enough to be detected; (b) those types homozygous for 
all loci, but for different alleles and with differences of expression gre at 
enough to be measured among the progenies; ( c) those types homozygous 
for all loci or so nearly homozygous that any differences could not be 
measured among the progenies in the experiments. 
If the var iability among the Bl 4 progenies in Khan's (£1?· cit.) study 
was not genetic, but a result of environmental effects, it would be expec-
ted that all F 3 progeny means except one or two would b~ within the limit 
of ±1 L. S. D. of the mid-parent value. However, considerable variability 
is observed in the distributions (Table 4, Figure 1) of the F 3 progenies 
for all characters studied. For example, the histogram (Figure 1) for 
Experiment 76 for the character, tassel branch number, shows a rather 
wide distribution which is typical for this attribute in most of the experi-
ments. An explanation of this distribution might be that mutations have 
occurred in the earlier generations and the genes have recombined, giv-
ing rise to many significantly different progenies. In contrast to this 
situation, Experiment 89 shows a wider range of mean number of tassel 
branches, but only one progeny with a mean of 4. 5 tassel branches is 
responsible for this wide range. This suggests that the Fz plant from 
which this line was developed had undergone a mutation toward fewer 
branches. 
Although this study was not designed to obtain information concerning 
the type of gene action, the data permit speculation on gene action and 
point out the problems that are confronted when a study is conducted with 
this objective in mind. If the F 1 is significantly different from the mid-
parent, heterosis is indicated, and some type of nonadditive gene action 
is involved as in the case of date silked in Experiment 81 (Table 3). 
Otherwise, if the F 1 value is equal to the mid-parental value as illustrated 
by Experiments 78 and 90 for ear length and kernel row number, respec-
tively, the gene action is completely additive. If the Fz and F 3 values do 
not regress halfway between the F 1 and mid-parental values and the F 2 
and mid-parental values, respectively, then some type of epistatic gene 
action is suggested. In Experiment 81 involving date of silk, epistasis 
may explain at least part of the deviations of the observed from the ex-
pected values. Since the character studied may be conditioned by several 
0---
0 
Table 5. Phenotypic and genotypic correlations of the characters measured in 11 experiments. Geno-
typic correlations are in parenthesis . 
-
Exp. Charac- Plant height Ear height Ear length Kernel row no. Tassel No. ter branch no. 
78 P.H. . 04** ( . 92 ) 
E.H. . 91 ** ( . 96 ) . 8~* ( . 95) 0 
T.B.N. . 82** ( . 85) . 92** ( . 95 ) . 81** ( .87) 0 0 
:::r: 
91 P.H. .62** ( . 64 ) ~ ► 
77 E.H. . 79** ( . e3) 
z 
--37 (-1.22) Ill 
- .23 (- . 77) :::J P.H. p_. 
(. 60 ) .48** ( .40) ~ 90 E.H. .38* C: 
(/l 
P.H. . 54** ( . 51~) .38* ( .61 ) -.15 (- .19) (/l M 
T.B.N. .43* (.50) -.07 (- .12) 
-3~ ( .60) .30 ( .35) t-< t-< 
E.L. . 65** ( 1.08 ) 
76 T.B.N. .43* ( .47) .88** ( .91) . 82** ( . 88 ) 
E.H. .40* ( .38 ) . 78** ( . 84) 
P.H. . 48** (. 54) 
89 T.B.N. -91** ( .95) 
Table 5 (Continued) . 
Exp . 
No. 
79 
92 
81 
94 
93 
Charac-
ter 
E.L. 
P.H. 
E.H. 
E.L. 
P.H. 
E.H. 
D.S. 
P.H. 
D.S. 
T.B.N. 
P.H. 
E.H. 
Plant hej_ght 
, 65H ( • 71) 
-9~* (. 94 ) 
. 58** ( .65 ) 
Ear height 
, 78** ( .84) 
, 57** ( , 59 ) 
. 35 ( . 46) 
,71** ( ,71 ) 
, 36H- ( ,90) 
Ear length 
.37 ( .39) 
. 24 ( .24 ) 
* Significant at the five percent level of probabi lity 
** Significant at the one percent level of probabi lity 
Kernel row no. 
.08 ( .09 ) 
,17 ( · .18 ) 
- . 07 (- .12) 
- . 85** ( - . 88 ) 
-,36 (- . 39) 
. 52** ( .59 ) 
-.32-* (- . 48 ) 
Tassel 
branch no. 
. 73** (. 78 ) 
. 76** (. 79 ) 
. 89** (. 91 ) 
-~·5* (. 4e)) 
0 
M 
'Z 
M 
t--3 
H 
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<! 
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~ 
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E 
t--3 
>-<: 
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genes, there is a possibility that these genes will have plus and minus 
effects which cancel one another. Therefore, heterotic effe cts may be 
present but not observed. 
Two criteria w hich must be considered when designing an experiment 
to study types of gene action are replication and selection. Sufficient 
replications of the progenies must be used so that .the best e stimates of 
the mean values can be obtained. A comparison of the generation means 
obtained in Experiments 78 and 208 suggests that 20 replications were 
adequate to estimate the parental means. The number of replications 
a lso affe cts the F test, and smaller differences may be detected as sig-
nificant by inc reasing the number of replications . Frequently, however, 
the precision of the experiment may be improved by more care ful _atten-
tion to field plot technique, without in c reasing the number of replications. 
In a study of inbred sublines and their hybrid offspring, the differences 
between generation mean values may be expected to be small because 
.r e latively few loci ar e invol ved. There fo re, if different types of gene 
action are involved, the effects to be measured will be small. The ex-
perimenter should have some information relative to the magnitude of the 
effects he wishes to detect and the preci sion that he may expect in his 
test. On the basis of this information, he can calculate the number of 
replications needed so that he has a certain leve l of probability of m e as-
uring the effects. The magnitude of the deviations of the F 1 generation 
means from the mid-parental values in this study of Bl 4 sublines indi-
cate that one s hould be able to d e tect nonadditive ge n e action rather fre-
quently. But it a ppears that the opportunity to detect evidence of epistasis 
is remote becaus e the deviation from expected would be ext remely small. 
The experimenter assumes that no selection has occurred during the 
development of the v arious generations when he uses these materials to 
obtain information on types of gene action. No intentional selection w as 
p racticed in the development of the materials used in these exp eriments, 
but there was considerable evidence that selection had occurred in t he 
production of F 3 progenies. The Bl4 sublines were highly inbrec:l, and, 
if there was segregation for plant vigor y,,hi ch affected g rain yield, some 
l e ss vigorous segregates may have been eliminated because of insuffi-
cient seed. An experiment desi gne d specifically to observe types of gene 
action would have the F 3 generation represented by a composite of F 3 
s ee d from all Fz plants. The number of seeds required from each plant 
would be relatively few , and there would be less opportunity for selection 
in the Fz generation. If the parent lines used in these studies were not 
homozygous, then selection c ould have occurred in a heterogeneous popu-
lation. The F 1 s e ed was a bulk of seed from several ears, and no attempt 
was made to take equal numbers of seed from e ach ear. 
Among the possible 48 correlation coefficients, 34 were positive and 
either significant or highly significant, while three were negative and 
significant. The positive and significant !. values indicate that the distri-
bution of plant measurements for one character is significantly associated 
with the plant measurements of another character in the same experiment. 
These highly significant correlations may be evidence for the operation 
of genes with pleiotropic effects. It is possible, however, that the two 
parent sublines differed by a group of genes on one chromosome. If a 
portion of these genes ~onditioned one character and the remainder con-
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ditioned a second character, then linkage would be responsible for sig-
nificant r values between the two characters in the F3 progenies. It 
seems mtlikely, however, that practically all the !. values would be posi-
tive. On the other hand, to assume pleiotropic effects means that the 
gene, or genes, involved had the same direction of effect among the 
characters involved. 
The results of this study are of considerable importance to both the 
r e searcher and the producer of hybrid corn seed. Inbred Bl4 is a widely 
used inbred line in commercial double-cross production and is not con-
sidered a highly variable line. Some of the variability, such as for plant 
hei ght, can be observed in the breeding nursery under normal breeQing 
procedures, but because of the environmental effects, replicated meas-
urements are required to detect small genetic differences. 
Heritable variability is of biological significance because it points out 
the difficulty of maintaining an inbred line with the same genotype through 
many generations of self- or sib-pollination. Busch and Russell {1964) 
suggested that minor genetic changes in inbred lines may permit selec-
tion of improved lines without any significant effect on yield performance 
in hybrid combination. The data obtained by Khan (£I?· cit.) indicate that 
selection has given an inbred type less favorable for number of tassel 
branches. A change such as this probably would not be observed in tech-
nique usually used in a breeding nurs.ery, yet it is an important change. 
Genetic variability expressed in this inbred Bl4 material is of primary 
importance to corn breeders when the changes that occur are transmitted 
to the hybrid progeny. Bus ch and Russell ( 1964) found that· 40% of the 
genetic changes detected in a previous inbred study conducted by Russell 
~t ~- (1963) were expressed in hybrid combination. The earliest and 
latest F 3 progenies in Experiment 94 silked 7. 6 days apart. If each of 
these progenies is crossed to the same unrelated inbred line, the two F 1 
hybrids could be expected to differ by 3. 8 days or more in date of silking. 
The magnitude of this difference is great enough to be of practical im-
portance to the producer of hybrid seed and to the farmer who will use 
the commercial product. 
The genes causing the variability in current inbred lines such as Bl4 
may be accumulating and, after many generations of inbreeding, may 
cause differences large enough to be of practical importance in hybrids, 
For example, Bl4 is a relatively new inbred, released in 1953, and is 
used in many hybrid combinations in the Corn Belt. An appreciable 
amount of variability is not observed in any one year, but, if the line is 
maintained for 30 years, genetic changes may accumulate to the extent 
that they would be of practical significance. On the other hand, it is very 
important that inbred lines used as checks in basic research undergo 
very little or no change from generation to generation. Variability which 
might cause erroneous conclusions when using Bl4 in fundamental re-
search is of vital importance. It may be desirable to keep reserve stock 
cultures in cold storage, with infrequent propagation, to check on genetic 
modification of lines that are being reproduced every year in the breed-
ing nursery. 
The results reported he re support the evidence found by Fleming ~ 
al. (1964) that significant variability exists within inbred lines of maize. 
Studies ar~ being conducted at Iowa State Unive_rsity to deterru.ine if 
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variability is present among different sources of certain Corn Belt inbred 
lines. If the use of single crosses increases in the Corn Belt, variability 
within inbred lines is likely to be more important to the seed producer 
in the future. 
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THE EVALUATION OF FUNGICIDE SEED PROTECTANTS 
ON SOY BEANS 1 
J.M. Dunleavy and R. C. Lambe2 
A BS TRACT. T h e r e s u I t s o f 2 y e a r s o f f u n g i c i d e t r i a I s i n 
the field at Ames, Iowa, for the protection of soybean 
seed from soil and seed-borne pathogens, indicate that 
stand increases are accompanied by yield increases 
w hen s ee d low in germinability is planted shortly be-
fore occurrence of weather conditfons unfavorable to 
rapid emergence. Varieties differed in their response 
to seed treatment. S ev eral organic mercurials, not 
previously reported effective, provided protection 
with out any obvious phytotoxic effects. 
INTRODUCTION 
Numerous factors influence the efficacy of fungicide seed protectants 
on soybeans. Among factors reported are air and soil temperature im-
mediately after planting, depth of planting, plant rate, presence of soil-
borne pathogens, and seed quality (2, 5, 9, 10). Recently, seed low in 
germinability has been reported as harvested from plants infected with 
both stem canker, caused by Diaporthe _phaseolorum var. caulivora, and 
pod and stem blight caused by Diaporthe phaseolorum var. sojae, (8). 
Dunleavy reported the occurrence of low quality seed on plants infected 
by a species of Corynebacterium (4). 
Several investigators have reported statistically significant increases 
in soybean stands resulting from seed treatment, but no correspondingly 
significant increases in yield were obtained (1, 3, 6, 7, 9). The objectives 
of these experiments were: 1) to evaluate the effectiveness of fungicides 
applied to seed low and high in germinability; and 2) to compare organic 
mercurial and nonmercurial fungicides as protectants of soybean seed 
under field conditions. 
Joint contribution from the Iowa Agricultural and Home Economics Ex-
periment Station and Crops Research Division, Agricultural Research 
Service, U.S.D.A. Journal Paper No. J-5116 of the Iowa Agricultural 
and Home Economics Experiment Station, Ames, Iowa. Project No. 
1179. Publication No. 416 of the U.S. Regional Soybean Laboratory, 
Urbana, Illinois. 
2 Respectively, Research Plant Pathologist, Crops Research Division, 
U.S. D. A., and Iowa Agricultural and Home Economics Experiment 
Station; and Extension Plant Pathologist, Department of Botany and 
Plant Pathology, Iowa State University, Ames, Iowa. 
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MATERIALS AND METHODS 
F ield tests were conducted in 1963 and 1964 at Ames, Iowa, using a 
randomized block, 4-replicate design in 1963, and 8 replicates in 1964. 
The rows, 10 feet long, were planted 40 inches apart. Seed w as sown at 
the rate of 100 seed per row. One hundred seedlings per row constituted 
a 100% stand. Stand counts were made after emergence was complete. 
The central 8 feet of all rows were harvested for yield. Weeds were 
controlled in all rows by hand weeding . 
There were two expe riments in 1963 and one in 1964. In the first test 
conducted in 1963, portions of soybean seed lots low in germination, of 
the varieties Polysoy, Granger and Seneca, were treated with Arasan 75, 
Spergon and Panogen 15. The chemical composition and percentage 
active ingredients of these m aterials are listed in Table 1. R ates of 
Table 1. Materials evaluated and their active ingredients. 
Materials 
Agrox 
Arasan 75 . 
Captan 75 
Ceresan L 
Chipcote 75 
Metasol MMR 
Memni 
Morton EP-166 -
Ortho LM Seed Protectant 
Panogen 15 
Phygon Seed Protectant 
Puraseed 
Spergon Seed Protectant 
Composition 
6.70% phenylmerc~ry urea 
75% W.P. thiram 
75% W.P. captan 
methylmercury 2,3-dihydroxy propyl mecaptide 
2.89%, methylmercury acetate 0.62% 
1.85% methylmercury nitrile 
2.25% methylmercury, 8-hydroxyquinolinate 
10% N-(methylmercuri)-2,2,3,6-tetrahydro-3,6-
endomethano-3,4,5,6,7 ,7 -hexachloraphthalimide 
phenacridane chloride 
2.25% methylmercury 8-hydroxyquinolinate 
2.2% cyano-(methylmercuri) quanidine 
507. d ich lone 
phenyl amino cadmium dilactate 6.257.., phenyl 
mercury formamide 6.25% 
96% chloranil 
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application to seed were as follows: Arasan 75, 3/ 4 oz / bu; Panogen 15, 
4 fl oz / bu; and Spergon, 3 oz / bu. Seed treated with Panogen 15 were 
stored in sealed glass jars and polyethylene bags for 2 weeks prior to 
sowing. It has been reported that Panogen-1 5-treated seed have been 
damaged when stored in tightly closed glass containers, but not in sealed 
polyethylene bags (6). 
In the second test conducted in 1963, two soybean seed lots of the 
variety Clark were used. One of these lots was high and one low in 
laboratory germination. S e ed was treated with Arasan 75, Morton EP-
166 (Table 1 ), and Spergon . Arasan and Spergon were applied to seed at 
the same rates as in the first experiment. S eed was dipped in a water 
solution of EP-166 at a c oncentration of either 50 or 500 ppm and dried 
in a str e am of air at 80 ° F. 
In 1964, Harosoy soybean seed low in germinability was first treated 
with 12 seed protectants, then planted in sand benches and the field. 
Treated and nontreated seed planted in sand benches at the rate of 100 
per row were tested for germinability at approximately 80 ° F. The seed 
protectants applied and the p e r bushel rates of application were Memmi, 
0. 50 fl oz; Arasan 75 and Chipcote 75, O. 75 fl oz; Agrox, Captan 75, 
Phygon and Puraseed, 1 oz; C e r es an L, Metasol MMH and Ortho LM, 
1 fl oz; Panogen 15, 2 fl oz; and Spergon, 3 oz. 
RESULTS AND DISCUSSION 
All seed protectants applied to seed low in germinability of the vari -
eties Polysoy, Granger and S eneca in 1963 increased the stand signifi-
cantly at the 1% level (Table 2). Yields of the varieties Polysoy and 
Granger were increased significantly over yields of the controls, but 
Seneca did not respond similarly to seed protectants (Table 3 ). 
The response of seed to seed protectants in 1963 is believed due in 
part to seed used in the experiment (low in germinability) and to weather 
conditions. After sowing and prior to emergence, the test plots received 
a total of 4 inches of rain in a 3-day period. For an interval of 15 days 
following sowing, the minimum temperatures recorded at Ames we re 
never above 60°F, and the lowest temperature recorded during this 
period was 32°F. 
None of the seed protectants tested in 1963 on Clark seed high in ger-
minability improved the stand significantly; however, compound EP-166 
had a detrimental effect on seed low in germinability (Table 4). 
All fungicides tested in 1964 were ineffective in sand benches (Table 
5). Under field conditions of near normal rain and temperature, the 
stand was increased significantly over the nontreated control at the 1% 
levd with Captan 75, Ceresan L, Chipcote 75, Metasol MMH, Memmi, 
Ortho LM, Panogen 15, and Phygon. However, none of the fungicides 
increased the yield significantly. 
Results of this study indicate that it may be possible to obtain yield 
increases, through use of seed protectants, only when seed is low in 
germinability and when weather conditions prior to emergence are un-
fa'.vorable for rapid emergence. On this basis, it is difficult to justify 
seed treatment as a uniform recommendation. 
168 DUNLEAVY and LAMBE 
Table 2. Effect of seed protectants on stand of soybean plants produced 
from seed of 3 varieties low in germinability. 
Mean a 2ercentage stand 
Varieti All varieties 
Treatment Polysoy Granger Seneca 
1. Non-treated control 30b 34b 26b 30 
2. Arasan 75 60 64 58 61 
3. Panogen 15C 62 78 68 69 
4. Panogen 15d 71 69 66 69 
5. Spergon 58 48 65 57 
8Mean of 4 replications. The test was conducted at Ames, Iowa in 1963. 
bLSD between non-treated control and individual treatments at the 5 percent 
level, 7 percent; at the 1 percent level, 10 percent. 
cSeed treated and stored in sealed polyethylene bags for 2 weeks after 
treatment. 
dSeed treated and stored in sealed glass jars for 2 weeks after treatment. 
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Table 3. Effect of seed protectants on yield of soybean plants produced 
from seed of 3 varieties low in germinability. 
Treatment 
1. Non-treated 
2. Arasan 75 
3. Panogen 15c 
4. Panogen 15d 
5. Spergon 
control 
Ounces 
per 
bushel 
3/4 
4 fl. 
4 fl. 
3 
Meana yield (bu/a) 
Variety 
Polysoy Granger 
26.3b 47.7b 
41.4 52.3 
37.4 54.3 
39.4 50.3 
40.5 52.1 
All varieties 
Seneca 
54.3b 42.8 
53.1 48.9 
54.4 48.7 
53.8 47.8 
56.7 49.8 
~ean of 4 replications. The test was conducted at Ames, Iowa in 1963. 
bLSD between non-treated control and individual treatments at the 5 percent 
level, 3.0 bu; at the 1 percent level, 4.2 bu. 
cseed treated and stored in· sealed polyethylene bags for 2 weeks after 
treatment. 
dSeed treated and stored in sealed glass jars for 2 weeks after treatment. 
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Table 4. Comparison of four seed protectants on stand of Clark soybeans 
produced from seed high and low in germinability. 
Meana percentage stand 
Treatment High germinabi lity Low germinability 
1. Non-treated control 92b 52b 
2. Arasan 75 89 66 
3. Morton EP-166 86 28 
4. Morton EP-166 86 30 
5. Spergon 88 58 
8Mean of 4 replications. The test was conducted at Ames, Iowa in 1963. 
bLSD between non-treated control and individual treatments at the 5 percent 
level, 5 percent; at the 1 percent level, 8 percent . 
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Table 5. Effect of seed protectants on stand and yield of Harosoy soybeans. 
Treatment Mean standa Mean standb Yieldb 
sand field bu/a 
% % 
1. Non-treated control 60c 49d 39.7c 
2. Agrox 70 so 41.1 
3. Arasan 75 76 49 38.8 
4. Captan 75 76 66 42.0 
5. Ceresan L 58 60 39.8 
-6. Chipcote 75 65 56 39.9 
7. Metasol MMH 74 71 42.5 
8. Memmi 68 57 39.1 
9. Ortho LM 81 63 40.2 
10 . Panogen 15 79 71 39.8 
11. Phygon 72 58 41. 7 
12. Puraseed 75 49 39.7 
13. Spergon 82 53 41.1 
8Mean of 4 replications. The test was conducted at Ames, Iowa in 1964. 
bMean of 8 replications. 
cNo significant difference between the treatments (F test). 
dLSD between non-treated control and individual treatments at the 5 percent 
level, 3 percent; at the 1 percent level, 5 percent. 
172 DUNLEAVY and LAMBE 
LITERATURE CITED 
1. Allington, W. B. , G. C. Kent, I. W. Tervet, and B. Koehler. 1945. 
Results of t,he uniform soybean seed treatment tests in 1944. 
Plant Disease Reptr. Supp. 159. 
2. Athow, Kirk L., and R. M. Caldwell. 1956. The influence of seed 
treatment and planting rate on the emergence and yield of soybeans. 
Phytopatholpgy 46:91-95. 
3. Hildebrand, A. A., and L. W. Koch. 1950. Obs ervations on six years' 
seed treatment of soybeans in Onta rio. Sci. Agr. 30: 112-118. 
4 . Dunleavy, John. 1963. A vascular disease of soybeans caused by 
Corynebacterium sp. Plant Disease Reptr. 47:612-613. 
5. Kernkamp, M.F., F.I. Frosheiser, andJ.W. Gibler. 1953. Effect 
of seed treatment on yield and nodulation of soybeans in Minnesota. 
Plant Disease Reptr. 35:222-225. 
6. Martin, W. C. 1963. Pe-;-sonal communication. 
7. Nugent, T.J., S. B. Fenne, and W. C. White. 1951. Seed treatment 
and seed inoculation studies with soybeans. Plant Disease Reptr. 
35:82-83. 
8 . Peterson, J. L., and R. F. Strelecki. 1965. The effect of variants 
of Diaporthe phaseolorum on soybean germination and growth in 
New Jersey. Plant Dis ease Reptr. 49:228-229. 
9. Porter, R.H. 1944. Soybean seed treatments. Plant Disease Reptr. 
Supp. 145. 
10. Sher£, Arden F. , and C. S. Reddy. 1952. Seed treatment and inocu-
lation studies on soybeans in Iowa fields. (Abstr.) Phytopathology 
42: 19. 
11. Wyllie, T. D., and R. W. Goth. 1959. Treatment of soybean seed in 
Minnesota. Plant Disease Reptr. 43:898-902. 
IOWA STATE JOURNAL OF SCIENCE 
Vol. 41, No. 2 November 1966 pp. 173-180 
CONSUMPTION AND UTILIZATION OF LABORATORY DIETS 
BY EUROPEAN CORN BORERS 1 • 2 ~ 
Leslie C. Lewis 4 and Earle S. Raun4 
A BS TRACT. C h r o m i c o x i d e ( 4 % ) w a s a d d e d t o t h e n o r m a 1 
laboratory diet used to rear larvae of the European 
corn borer [Ostrinia nubilalis (Hubner)). A digestion 
mixture and colorimetric techniques were used to ana-
lyze the content of chrom i c oxide in the frass after 3-
13 days of feeding. Larval growth was measured at 
intervals throughout the test. Food utilization ranged 
from 19. 6 to 35. 3% for 1st to 5th instar larvae. Also 
3 diets were compared by using the technique: both age 
of 1 a r v a e and composition of diet inf 1 u en c '·e d cons ump -
tion and utilization. Differences between diets were 
significant. 
Much research has been conducted to perfect a synth~tic diet on which 
the European corn borer [ Ostrinia nubilalis (Hubner)) will perform nor-
mally under laboratory conditions {Guthrie et al. 1965; Beck and Hanec 
1958; Becton ~t ~- 1962; George~~- 1960;and Surany 1957). The con-
sumption and utilization of dry matter by the borer is important as a 
measure of the relative efficiency of the diet for different strains of 
borers, as a comparison of diseased and healthy insects, and as a means 
of comparing diets. 
For several years an indicator method has been used by mammalian 
nutritionists to measure the digestibility of forages (Dansky and Hill 
1952; Smith and Reid 1955; and Hill and Anderson 1958). This method 
gives an accurate measurement of consumption and digestion without a 
need to quantitate unconsumed diet. Known amounts of a biologically 
inert compound are mixed with the diet, and the amount recovered in the 
excrement is measured chemically. McGinnis and Kasting ( 1964c) adap-
ted the indicator method to phytophagous insects by using chromic oxide 
( Cr20 3 ) as the indicator. Therefore, their method was used to study diet 
consumption and utilization in the corn borer. 
1 Ostrinia nubilalis (Hubner) (Lepidoptera:Pyraustidae) · 
2 Accepted for publication 3/ 22 / 66. Journal Paper No. J.:.5326 of the Iowa 
Agricultural and Home Economics Experiment Station, Ames, Iowa. 
~roject No. 1193. 
3 Mention of a proprietary product does not necessarily imply endorse-
ment of this product by the U.S. D. A. 
4 Entomology Research Division, Agr. Res. Serv., .u. S. D, A,, European 
Corn Borer Research Laboratory, Ankeny, Iowa. 
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MATERIALS AND METHODS 
An indicator for nutritional analysis must be nontoxic to the insect 
and unabsorbed by the gut wall and must not combine with proteins of the 
digestive tract. To test the properties of Cr2O 3 in the corn borer, the 
chemical was mixed with the dry leaf powder used ·in the corn borer diet 
(Guthrie et al. 1965). (Chromic oxide comprised 4% of the dry matter in 
the finish~d diet.) Corn borer larvae from the laboratory colony were 
then reared to pupation on the Cr2O3 diet in individual vials (Becton ~t ~-
1962). Pupal weights, percentage pupation at 21 days, and normal emer-
gence were recorded to determine any adverse effects of the Cr2O3 • 
Another group of larvae were fed on Cr2O 3 diet for 7 days and then 
transferred to a regular laboratory diet for 24 hr. (No Cr2O 3 was found 
in the insect body when they were analyzed.) Also, to check fecundity of 
moths from larvae reared on a Cr2O3 diet, 10 pairs of moths were caged 
and allowed to mate and oviposit. Egg production was as high as from 
similar moths from larvae reared on the standard diet. Thus Cr2 O3 
could be used as an indicator with the European corn borer. 
The chemical procedure for Cr2 O3 analysis followed that of McGinnis 
and Kastings (1964c), except for minor alterations. Samples to be ana-
lyzed were weighed and then digested for 15 min in a 30-ml Kjeldahl 
flask containing 10 ml of the digestion mixture described by McGinnis 
and Kastings (1964c) over the low flame of a Bunsen burner in an exhaust 
hood. After complete oxidation (indicated by a color change to yellow), 
the flask contents were cooled and diluted to 200 .ml with distilled water. 
Four ml of the diluted mixture were mixed with 3. 6 ml of 0, ,25N H 2SO4 
and 0. 4 ml of coloring reagent (0. 25% w / v diphenyl carbazide in 50'J/o 
aqueous acetone), allowed to stand for 5 min, and then read in a colorim-
eter at a wavelength of 540 µ against a blank of 7. 6 ml O. 35N H 2SO4 and 
0. 4 . ml coloring reagent. 
When known amounts of Cr2O3 were mixed with the diet and analyzed, 
the curve was linear between 200 and 900 µg. 
Consumption and utilization were determined with larvae reared on 
the Cr2O3 diet for 3, 5, 7, 9, 11 and 13 days beginning with day of hatch-
ing. Ten larvae (12 replications) were fed the treated diet for the stated 
periods, a total of 720 larvae. An additional 120 larvae were allowed to 
pupate and were weighed the first day of pupal life. Each treatment was 
removed on the proper day, and larvae in each replication were weighed 
as a group. Frass from each replication was separated from the uncon-
sumed diet and dried in a 60° C oven for 24 hr. It was then weighed and 
ground in a \mortar and pestle, and samples of each replication were di-
gested and analyzed as described. A sample of diet and the larvae were 
also analyzed. 
All samples were weighed on aluminum foil which was then placed 
with the sample in the oxidizing flask. Drone and Anders (1950) reported 
that aluminum does not interfere with colorimetric analysis of Cr2 O3 • 
Consumption and Utilization of 3 Test Diets 
When laboratory diets are compared, pupal weights, percentage pupa-
tion at 21 days, emergence of normal adults, and oviposition records are 
used routinely. Data on consumption and utilization would provide another 
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method of comparison. Chromic oxide therefore was added to the dry 
matter of 3 diets, the standard (leaf powder) diet (Guthrie ~t ~- 1965), 
· a wheat germ diet, and a leaf extract diet, to determine which diet w as 
utilized best. The leaf extract was prepared by boiling 5 g of dried corn 
leaf powder / 100 ml of distilled water until the protein coagulated. Then 
the material was strained through cheesecloth, filtered through a O. 45% 
filter, and returned to its original volume. The formulas for the 3 diets 
are shown in Table 1 
Table 1. Ingredients of 3 test diets in which chromic oxide was used as 
an indicator of consumption and utilization by corn borer 
larvae. Ankeny, Iowa. 1965. 
Ingredients (g) in 1200-ml distilled water of diet 
Leaf Powder Water Extract Wheat Germ 
Agar 27.0 27.0 
Dextrose 39.0 39.0 
Casein 39.0 39.0 
Cholesterol 3.0 3.0 
Salt No. 2£1 5.0 5.0 
Yeast 21.0 21.0 
Corn leaf powder 54.0 60. 02.I 
Vitamin supplement£/ 9.0 9.0 
Ascorbic acid 12 .o 12 .o 
Sorbic acid 2.4 2.4 
Alphacel 27.0 
Wheat gerrr~/ 
2.1Extract of 60 g of corn leaf powder. 
£,/Nutritional Biochemicals Corp., Dayton, Ohio. 
£/Kretschmer Wheat Germ Corp., Carrollton, Michigan. 
27.8 
73. 7 
44.2 
14. 7 
9.0 
2.4 
52.6 
The test was set up as a randomized split plot design with 4 replica-
tions, 3 diets, and the same 6 categories of age used previously. Each 
replication included 10 larvae, a total of 720 larvae. An additional 172 
Larvae were allowed to pupate and emerge as adults to provide data on 
110rmal pupation, pupal weight, and emergence. 
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RESULTS AND DISCUSSION 
Addition of chromic oxide to the diet did not interfere with normal 
development of the larvae. Average larval weights ranged from O. 93 at 
3 days to 111. 92 mg at 13 days (Table 2 ). These weights varied between 
replications , which gave a high standard error of the mean, as was ex-
pected becaus e it was not possible to sex the larvae at the time they were 
tested and the re· is a decided difference between males and females in 
rate of growth and final weight. Unequal distribution of sexes within 
replications was probably the major cause of the weight difference. At 
pupation, males weighed an average of 85. 1 mg and females 114. 6 mg, 
an average of 99. 7 mg; this was less than the average weight of 13-day-
old larvae (full grown). The reduction was caused by metabolic activity 
during pupation, emptying of the gut before pupation, and no food intake. 
Pupae, analyzed for Cr2O 3 , had only a negligible amount of food still 
present. 
Table 2. 
At 
day.e./ 
3 
5 
7 
9 
11 
13 
Larval weights and dry matter consumed and utilized by European 
corn borer larvae fed a standard laboratory diet containing 
chromic oxide as an indicator. 
Dr:z: matter/larva 
Larval Consumed between Uti lized between 
weight observations observations 
Instar {m~ ±- S .E. 2 {mgJ {mg2 {%2 
I - II 0.9 :t- 0 .007 0.55 0 .11 19.6 
II 4 . 8 t 2.85 2.74 0.79 28.8 
III 15.2 -:!: 6.2 11.16 3.89 34 .9 
IV 40.4 t 5.5 32 .41 11.75 36.2 
V 95.5 + 12.2 
-
83.66 23.21 27.7 
V 111.9 ± 8.6 53.94 13. 62 23.l 
;ii A'J,e and days of test are same s1.· nee test bezan at hatching. 
After 3 days of feeding, the amount of dry matter consumed per larva 
averaged 0. 55 mg; it gradually increased as the larvae grew, the great-
est consumption occurring over the 2-day period between the larva's 9th 
and 11th day of life (Table 2 ). 
The European corn borer larva utilized its food most completely about 
the 9th day of larval life (3rd and 4th instars under these rearing con-
ditions), but an analysis of the data with Duncan's Multiple Range Test 
showed that larvae utilized their food equally well on the 5th, 7th, 9th, 
and 11th day of larval life. Similarities also existed between the data 
obtained for 3- and 13-day-old larvae. 
Table 3. Average amounts of dry matte r consumed and percent utilization of food per larva of 
European corn borers fed 3 test diets containing chromic oxide indicator during various 
stages of larval life. 
Leaf Eowder diet Water extract diet Hheat '"'erm diet 
At Am t consumed 1 mg Utilized Amt consurned 1 mi:>; Utilized Amt . consumed 1 r:111 Utilized 
day~/ Between ages Total (%) Betpeen a3es Total (%) Between ages Tota l co 
3 0.19 0.19 9.S 0.25 0.25 20 . 0 0 .12 0 .12 30 . 8 
5 1.09 1.28 23 .8 1. 66 1.91 39.9 o. 72 0.84 41.3 
7 3.76 5.04 26 .4 5.78 7.69 lf 2 . 0 2. 76 3.60 44.2 
9 9.43 14.47 32.4 13 .51 21.20 39.2 3.88 12.48 48 .0 
11 28.05 42.52 J4 .2 32 . 86 Slf , 06 38 .0 14.97 27 .45 49.8 
13 55.37 97.89 19.1 75.lf6 129.52 29.0 55 .52 ') 2·. 97 51. 9 
~/Age and days of test are the same since test began at hatching. 
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When consumption of the 3 diets was compared (Table 3 ), the larvae 
had consumed the greatest amount of the water-extract diet. On the 11-
and 13-day periods, the differences between diets were significant. 
Table 3 show s the comparative utilization of the 3 diets. Larvae uti-
lized the leaf powder diet poorly at the beginning of the period, but by the 
time they were 11 days old, they were using nearly 35%; they utilized the 
wheat germ diet most effectively throughout the entire growth period; 
The water e x tract fell between the other 2. 
Many differences between days of age and use of diets were signifi-
cant at the 5% level when orthogonal comparisons were made. At 3 days 
the utilization of all 3 diets differed significantly. At 5 and 7 days the 
leaf powder diet differed from the other 2. On the 9th day the leaf pow-
der diet differed from the wheat germ diet. On the 11th and 13th day the 
wheat germ diet differed significantly from the other 2. 
Table 4. Average weight of pupae and percentage of abnormal European 
corn borer moths reared on 3 test diets containing a chromic 
oxide indicator. 
Lea f Hater Wheat 
powder extract germ 
(mg) (mg) (mg) 
Average weight males (2o)a/ 82.8 (48)S.1 3Lf.4 (26)~/ 83.8 
Average weight females (13) 112.9 (32) 110.6 (33) 118. 7 
Average both sexes (33) 97.9 (80) 97.5 (59) 101.3 
(%) (%) (%) 
Abnormal males 00.0 12.5 11. 5 
Abnonnal females 23.1 15.6 51. 5 
Abnormal both sexes 9.1 13.8 33.9 
~/Number of individuals in pare ntheses , 
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For all 3 diets, utilization on the 3rd day differed significantly from 
that for all other periods. Utilization of the water extract diet and the 
leaf powder diet on the 13th day, differed significantly from each other 
and from all others. Utilization of the leaf powder diet on the 13th day 
differed from that on the 11th and 9th days; that on the I I th day differed 
from that on the 5th day. Utilization of the wheat germ diet on the 13th 
day differed from that on the 5th day. 
The data on utilization, though differing between diets, show clearly 
that young larvae and nearly mature larvae do not utilize their food as 
well as larvae in the intermediate stages. To produce l 00 mg of larval 
weight, the larvae had to consume I 00 mg of the leaf powder diet, 132. 9 
mg of the water extract diet, and only 81. 93 mg of the wheat germ diet. 
Thus the wheat germ diet had the lowest consumption and the highest 
utilization. If other factors were equal, this diet would be the choice of 
the 3 tested. (Larval and pupal weights did not differ significantly be-
tween diets.) However, at emergence, the wheat germ diet produced the 
most abnormal moths (Table 4). 
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HEMAGGLUTININS IN NORMAL SERA AND SPECIES RELATIONSHIPS 
Wilmer J. Miller 1 
A BS TRACT. N o r m a 1 s e r a f r o m a v a r i e t y o f 1 a b o r a t o r y 
animals were combined in agglutination tests with a 
"test panel" of red cells from several species of doves. 
Except for sera from the doves and pigeons the various 
combinations very frequently exhibited agglutination. 
Certain sera could be used to detect species differ-
ences even among very closely related species. Taxo-
nomic patterns were readily demonstrable by cell re-
actions and especially by absorption tests. 
It is usually assumed that very many specificities are involved in 
normal sera (7). The diversity of specificity of antibodies reacting with 
erythrocytes of various species, and especially the taxonomic regulari-
ties of such antibody reactions have not been investigated extensively 
with regard to naturally occurring antibodies. 
This paper, on research performed at the University of W·isconsin, is 
intended to show that normal antibodies can differentiate the blood cells 
of some specie s, and that normal sera may contain .many specificities 
which can be fractionated by absorptions. In addition to disclosing diver-
sity of specificities, the absorptions can uncover additional patterns of 
relationship among species. 
MA TE RIALS AND ME TH ODS 
Serological tests were employed much as used in other studies of 
species relationship of pigeons and doves (8). While contrast of several 
methods would be desirable, the present report is restricted to one, ag-
glutination of erythrocytes in saline. 
Test cells from 46 species including fish, birds and mammals were 
used in the experiments; however, the present report deals mostly with 
the red cells of 28 species of doves and pigeons which represent a series 
of relatively closely related species of special value as a test panel of 
cells. Normal sera from 16 species (mostly laboratory or fa:r.m animals) 
and normal plasma from 17 species of doves were collected and stored 
frozen until use. However, only eight representative sera are reported 
in detail. Most of these sera were pooled from several individuals of the 
species, but the human sera came from separate individuals. 
The normal sera were heated at 56 ° C for 30 minutes to inactivate the 
complement. Two drops of the normal sera (in doubling dilutions to about 
1/1024 if the titer was determined) were placed in small tubes and one 
drop of a 2-3% suspension of washed red blood cells of various species 
1 Department of Genetics, Iowa State University, Arn.es. 
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as the test antigens was added. The mixture was shaken and incubated 
at temperatures from 23 ° C to 31 ° C, usually the latter, and read at 30 
minutes, shaken and again read after two hours. Dubious reactions were 
resolved by examination under the microscope. 
Several sera were absorbed with certain reactive cell samples, usu-
ally in a ratio of 1 packed cell volume to 1 undiluted serum volume. The 
resulting test fluids were more specific in reactions, showing that the 
technic was useful in reducing the nearly ubiquitous agglutination to a 
pattern from which one could demonstrate species differences. The 
species of doves are listed by their scientific names according to Peters 
(10) along with their common names below, and the other animals by the 
common name. 
Scientific Name 
Streptopelia 
bitorquata 
ca pi cola 
chinensis 
orientalis 
ris oria 
semitorquata 
senegalensis 
tranquebarica 
turtur 
Columba 
fasciata 
guinea 
livia 
picazuro 
rufina 
Chalcophaps indica 
Gallicolumba luzonica 
Geopelia humeralis 
Leptotila jamaicensis 
Ocyphaps lophotes 
Phaps 
chalcoptera -
elegans 
Zenaida 
aurita 
asiatica 
Zenaidura 
auriculata 
graysoni 
macroura 
Goura cristata 
Common Name 
Philippine turtle dove 
cape turtle dove 
pealneck or laceneck dove 
Oriental, Asiatic, or Chinese turtle dove 
ring neck, barbary, domestic, fawn, blond 
or ring dove 
African turtle dove 
senegal or palm turtle dove 
dwarf or red backed turtle dove 
European turtle dove 
bandtail pigeon 
triangular spotted or speckled pigeon 
common, domestic, or rock pigeon 
rufous pigeon 
green wing dove 
bleeding heart pigeon 
bar-shouldered dove 
violet dove 
Australian crested dove 
bronze wing pigeon 
brush bronze wing pigeon 
Martinique dove 
white wing dove 
bronze neck dove 
Grayson's dove 
mourning dove 
Goura crowned pigeon 
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RESULTS 
Certain species differences of the erythrocytes were detectable with 
some normal sera in spite of the numerous reactions. Even more closely 
related species could be differentiated. Normal serum of the domestic 
sparrow reacts strongly with red cells of risoria but only microscopic-
ally with semitorquata as shown in Table 1, while normal carp serum 
reacted with red cells of semitorquata but not with risoria. Of the three 
closely related species of Zenaidura, muscovy normal sera reacted only 
with graysoni, and rat normal sera reacted with macroura and not with 
graysoni, readily differentiating these two very closely related species. 
By using the absorption technic species differences were still more 
readily demonstrated even among the very closely related species. Of 
the three species, lophotes, chalcoptera, elegans, normal carp serum 
reacted only with lophotes while chicken and rat serum absorbed with 
cells of livia reacted only with elegans, Table 2. Further, goat serum 
absorbed with cells of livia reacted with lophotes and chalcoptera but not 
elegans, and cattle serum absorbed with cells of livia reacted with chal-
coptera and elegans but not lophotes. 
Absorption of the human O serum as shown in Table 3 or of white 
pekin serum by cells of livia exhibited the same result with cells of 
risoria and semitorquata as the normal serum of the domestic sparrow 
mentioned above. Further, in addition to the mus covy and rat sera re-
actions mentioned above, rabbit sera absorbed with livia red cells reacted 
with graysoni and macroura cells but not those of auriculata, and after 
absorption with risoria cells only with macroura and not auriculata nor 
graysoni. The closely related Zenaida species, asiatica and aurita (Del-
acour, 2, calls all the Zenaidura by the name Zenaida) would have been 
included in the Zenaidura differentiation pattern, but they were not avail-
able in enough tests. 
Agglutination of the test cells with the various sera was very frequent, 
as can be noted in Tables 3 and 4. For example, the author's own serum 
{human 0) reacted in titers from concentrated (i.e. undiluted) to 1/128 
with the red cells of all individual species with which it was tested. That 
this is not due primarily to the alpha and beta antibody content is demon-
strated by the same ubiquitous pattern of reaction by sera from an AB 
individual. When the serum from human type O was absorbed with red 
cells from livia the red cells of certain other species of doves and pigeons 
were no longer reactive, e.g. orientalis, semitorquata, etc. But still 
others we re reactive, e.g. bitorquata, chinensis, risoria, etc. When 
type O serum was absorbed with red cells of risoria, the red cells of 
livia no longer reacted nor those of any species for which cells of livia 
removed reactivity; but cells of risoria removed reactivity for the cells 
of still other species of doves-in fact only the cells of bitorquata, lo-
photes, chalcoptera and elegans were still reactive. ~ 
The absorption results not only showed that various specificities were 
demonstrable even with such closely related species as doves, but taxo-
nomic relationships were evident from two aspects. For example, ri-
soria cells always removed the reaction for the cells of more species of 
Streptopelia than did livia cells in absorption, whether human, rabbit, 
lamb, hog, chicken or mallard serum was used. An exception was dog 
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Table 1. Agglutination of erythrocytes of very closely related pigeons 
and doves by certain normal sera 
Test Cells 
Streptopelia risoria 
semitorquata 
Zenaidura auriculata 
graysoni 
macroura 
Carp 
"English" 
Sparrow 
I_() ____ 3 I 
I I 
I I 
I 3 (~') t 
'- - - - - - - - -' 
0 (~) 
0 
0 
0 
('±°) 
() Microscopic reactions only 
Muscovy 
6 
4 
0 
Rat 
3 
2 
--;- ----0, 
I 
I 
I O 2 I 
J_ -- - - - _j 
Rabbit 
10 
3 
+ 
4 
Numbers refer to the number of doubling dilutions of sera showing agglutina-
tion. Thus 1 1 = undiluted, 2 = 1/2, 3 = 1/4, ••• 10 = 1/512. 
Table 2. Agglutination of erythrocytes of closely related Australian doves 
by normal sera 
Absorbed b:t red cells of livia 
Test Cells Carp Chicken Rat Goat Cattle 
Ocyphaps lophotes + 0 0 + 0 
Phaps chalcoptera 0 0 
,- - -- -,--, 
I O + I + 
I 
Phaps elegans 0 + I + 0 I + I 
-------' 
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Table 3. Agglutination of erythrocytes of pigeons and doves by normal 
sera of man 
HUMAN SERA FROM TYPE 
185 
0 Absorbed by 
Test Cells 
Streptopelia bitorquata 
11 capicola 
II 
II 
II 
II 
II 
chinensis 
orientalis 
risoria 
semi tor qua ta 
senegalensis 
tranquebarica 
turtur 
Columba fasciata 
11 guinea 
11 livia 
11 palumbus 
picazuro 
11 rufina 
Chalcophaps indica 
Gallicolumba luzonica 
Geopelia humeralis 
Leptotila jamaicensis 
Ocyphaps lophotes 
Phaps chalcoptera 
Phaps elegans 
Zenaida aurita 
asiatica 
Zenaidura auriculata 
graysoni 
macroura 
Goura cristata 
AB 
4 
5 
+ 
4 
+ 
4 
+ 
+ 
+ 
3 
4 
+ 
+ 
+ 
4 
6 
+ 
4 
4 
+ 
+ 
2 
+ 
3 
+ 
+ 
B 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
A 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
7 
8 
5 
5 
8 
7 
6 
8 
+ 
7 
6 
7 
5 
5 
6 
8 
7 
6 
8 
7 
7 
7 
+ 
4 
3 
5 
8 
4 
livia 
+ 
+ 
0 
+ 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
+ 
+ 
+ 
+ 
0 
0 
0 
risoria 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
+ 
+ 
0 
0 
0 
Numbers refer to the number of doubling dilutions of sera showing agglutina-
tion. Thus, 1 undiluted, 2 = 1/2, 3 = 1/4, 8 = 1/128 
Where only a+ or± is given, the titer was not determined. 
Table 4. Agglutination ot erythrocytes ot pigeons and doves by normal sera of six species 
White 
Rabbit Rat Cattle Goat Pekin Chicken 
- Absorbed by - / Abs. - Abs. - Abs. - Abs. - Absorbed by 
livia risori.i I by by by by livia risoria 
Test Cells livia livis livi~ livia 
,. 
Streptooelia bitorauata (i + 5 0 6 ± 7 0 5 + 0 
II capicola 9 3 5 6 6 7 
II chinensis 9 3 2 + 0 5 + + + 6 + 5 + 0 
II orientalis 3 3 2 3 0 6 l 4 + 3 0 + 0 0 
II risoria 10 3 0 3 (+} 5 3 5 l 7 + 7 3 0 
II semitorauata 3 3 0 2 0 4 + 5 + 0 5 + 0 
II senegalensis 8 3 2 0 0 3 + 4 + 5 + 5 0 -0 
II tranauebarica 9 3 2 4 0 5 (+) 5 + 7 + 6 0 0 
II tu1;tur + 2 (+) 0 + + 4 + + + 0 0 
Columba fasciatA 3 l 3 4 5 
II miinea / + 2 0 l 0 3 + 4 + 5 + + + 0 
II livia 1 10 0 0 3 0 4 0 4 0 6 (+) 6 0 0 
II picazuro + 2 0 0 + + + + + 0 0 
II rufina 3 l 3 3 5 
Chalcophaps indica 5 3 0 8 0 6 + 6 + + + 7 + 0 
Gallicolumba luzonica + 2 0 -- + + + 2 + + + (+) 0 
Geopelia humeralis 9 3 0 3 + 3 + 4 + 6 + 5 0 0 
Leptotila iamaicensis 4 + l 0 5 2 5 0 5 + 0 
Ocvnhaos- loohotes 4 2 0 4 0 6 0 6 + 5 0 + 0 0 
Phaps chalcoptera 3 3 0 3 0 5 + 5 + 4 0 + 0 0 
II elel!:ans 3 + 3 l 5 2 5 0 4 + l .. 
Zenaida aurita + l 0 0 0 2 + 0 0 0 
II asiatica 4 7 5 6 4 + 
Zenaidura auriculata 0 0 0 + 0 4 + + 0 + 0 0 
II graysoni + l 0 0 0 + 0 2 + + 0 0 0 
II macroura 4 2 l 2 (+} 4 0 5 + 4 (+) + 0 0 -
Goura cristata 7 4 3 4 6 + 
() Microscopic reactions only 
Numbers refer to the number of doubling dilutions 'of sera showing agglutination. Thus, l ·• undiluted, 2 a 
1/2, 3 = 1/4, • • , 10 a 1/512, 
Where only a+ or± is given, the titer was not determined. 
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serum absorbed with livia cells, wherein livia removed reactions for 
red cells of more non-Streptopelia species than did risoria. Also, as 
expe cted, the red c~lls of the more closely related spe cie s tended to re-
act much alike, e. g. the 9 species of Streptopelia with sera from rabbit, 
h og , goat, cattle, dog, and rat each absorbed with cells of livia, the 3 
species of c halcophaps, elegans, lophotes with sera froni human, rabbit, 
l amb, hog, d o g and mallard whether absorbed with risoria or livia cells, 
and t he 5 s pecies of Zenaida-Zenaidura cells with human, hog, goat, 
cattle, do g , chicken, and mallard sera absorbed with livia or risoria. 
Since emphasis is often placed on human cell reactivities, it is well 
to point out that samples representing the 0, A, B and AB types of human 
cells all were agglutinated by plasma from chinensis, orientalis, ris oria, 
semitorquata, tranquebarica, chalcoptera, graysoni, and weakly by that 
of senegalensis, but not at all by plasma from picazuro, indica, aurita, 
or macroura. The same general relationship held with these sera tested 
with cells of some other mammals. That is, the plasma samples from 
doves which were reactive with human cells also were re~ctive with cells 
of the rabbit, rat and hog, while the plasma samples from doves not re-
active with human cells also were not reactive with the cells of the rabbit, 
rat and hog. 
Since not all the data are presented in the tables it is well to point out 
that aside from the tests of dove plasma with dove cells, the major ex-
ception to frequent agglutination in the various combinations was carp 
plasma which agglutinated the cells of only a few of the s_pecies of doves. 
While sera of mammals and distantly related birds a&glutinated dove 
cells of most species, a pertinent question is whether or not plasma from 
doves agglutinated red cells of other species of doves. Plasma from 17 
species of doves was tested with many of the test panel of dove cells. In 
132 combinations the strongest reactions were only microscopic ones of 
cells of lophotes with the plasma from chinensis, orientalis, an.d semi-
to'rquata. 
DISCUSSION 
The antibody content of normal sera has been of periodic interest 
since early in immunological studies. Landsteiner · (7) pointed out that it 
has been known since the early work of Landois (6) that antibodies are 
present in the serum of normal nonimmunized animals (see also 3). 
Ne vertheless, few specific combinations are recorded of the reaction of 
erythrocytes of various species with naturally occurring antibodies. For 
examples and discussion of the origin of naturally occurring antibodies 
the reader is further referred to papers such as Vogel (1~), Weiner (17), 
Springer, Horton and Fobes ( 13 ), Munk1csi ( 9), Talmage ( 15 ), and The 
Lobund Reports ( 11 ). 
Individual differences of the normal sera exist frequently enough for 
the earlier authors (e.g. 3} themselves to point out seeming discrepan-
cies, since it was indicated that one nonnal goat serum had no action on 
sheep erythrocytes but another did. Horse serum did not always lyse 
rabbit and guinea pig red cells, and lamprey serum usua'lly but not always 
lysed red cells of laboratory animals. In addition to discrepancies the 
authors themselves pointed out the present tests revealed that guinea pig 
serum may agglutinate rabbit cells and pigeon cells cont~ary to Ehrlich 
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et al. (3). Obviously, the pattern of reaction of different normal sera 
will seldom be repeated exactly. 
The presence· of reaction of normal antibodies with red cells was 
known to exhibit certain regularities in distribution, but the question of 
kinship has not been investigated extensively (7). The present work ex-
hibited practically no reaction of erythrocytes of the species of doves 
cross-matched with their sera, and also exhibits more interesting cellu-
lar reaction patterns of taxonomic relationship. The work on normal 
antibodies of viper serum by Fine (5) did not show as obvious taxonomic 
patterns as the present study, most likely because his "test panel" of 
cells did not include very closely related animals. 
The present study can be criticized for not comparing individual dif-
ferences in the reactive pattern of sera or of cells. However, as Land-
steiner indicated (7) natural antibodies tend to appear mostly as a species 
characteristic, with the qualification that important individual differences 
can occur as noted above (see also 12, 14 and 18). The intent of this work 
did not include disclosing individual differences. Moreover, the kind of 
reactive pattern of a serum from a single individual, e.g. human 0, did 
not differ materially in the unabsorbed or absorbed reagents from that 
in pooled sera from several individuals, e.g. rabbit. Insofar as tested 
individual differences of cellular reactivity were encountered only rarely 
and as very weak differences. 
S e veral specificities have been shown to exist in normal sera that can 
be separated by absorption and shown in reactions with a series of closely 
related species such as pigeons. Many more such absorptions would be 
desirable. 
With sufficient work with normal sera and with a series of "test pan-
els" of cells of closely related species one could begin to estimate the 
order of magnitude of normal antibody specificities. However, it seems 
naive to attempt to do so. Landsteiner (7) pointed out that "One antigenic 
molecular species of even one determinant group (engenders) antibodies 
differing in specificity, in the degree of affinity, and ... in other immuno-
logical manifestations." And he also indicated that normal antibodies are 
not so different from immune ones. 
The difficult problem of distinguishing cross-reactions has not been 
dealt with in the present work. For example, Buchbinder ( 1) reported 
that rabbits immunized with Pasteurella lepiseptica produced antisera 
which reacted with many species of birds including all of 21 species of 
pigeons. Thus normal antibodies arising' from foods and infection could 
contain specificities which cross-react with "unrelated" antigens. Sprin-
ger, Horton, and Fobes ( 13) demonstrated that antibodies specific for 
human type B cells were absent from germfree chicken sera absorbed 
by human type O cells although present in similarly treated conventional 
chicken serum, The germfree chicken whe n monocontaminated with 
~- coli 0 86 (which has group B "activity") developed antibodies specific 
for human B cells. 
Normal antibodies are still of theoretical interest even outside the 
serological field~~· They may have bearing on taxonomic work both 
from the standpoint of reactive cells and reactive sera; and some obser-
vations may have rather unexpected uses. For example, rabbit normal 
sera do not have any reaction with cattle cells. This was already known 
SERA AND SPECIES RELATIONSHIPS 189 
to the cattle immunogeneticists early in their work, e.g. Ferguson ( 4), 
and was a very helpful factor in developing the hemolytic cattle blood 
typi n g test using rabbit normal sera as comple m e nt. 
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